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“A REVOLUTION IN THE COPPER 
MANUFACTURING INDUSTRY.’ 





A WELL-KNOWN promoter was once asked how it was 
that the public so readily subscribed to unsound 
schemes, formed upon lines that had been exposed 
years before, and he replied, “ My dear sir! There’s 
a fresh crop of fools born every day.” If this dictum 
be true, it is possible that Elmore’s Austro-Hungarian 
Patent Copper-Depositing Company may be subscribed 
four times over, as, according to the prospectus, has 
been the usual fate of other members of the family. 

This company is formed for the purpose of acquiring 
the Elmore patents for the empire of Austria-Hungary 
at a price of £50,000 in cash, £50,000 in shares, and the 
premium on the shares now offered. 75,000 shares are 
now offered. The premium is 10s. per share, so that 
the possible purchase price is £137,500. And what 
does the company obtain in exchange for one hundred 
and thirty-seven thousand five hundred pounds? Two 
patents, of many figures, relating to the discovery made 
by Messrs. Elmore for manufacturing copper articles 
direct from rough copper bars. 

Our readers are by this time familiar with the 
material of which a copper-depositing prospectus is 
made. The new applicant for public approbation 
has the usual Elmore features. There is a descrip- 
tion of the process, a reference to reports on the 
process, a summary of the advantages of the process, 
and a so-called estimate of profits. There is also 
aparagraph headed, 
We have our own opinion of the character of 
the investment, which does not accord with the view 
of the prospectus ; but there is one statement in this 
paragraph which we think should be further enquired 
into. It says the investment is offered in a company 
formed to work an invention producing, at a cost 
hitherto unknown, articles admittedly of unprecedented 
quality, and in large demand, The phrase which we 
have italicised is, of course, intended to mean that the 


“Character of Investments.” , 


articles are produced at a less cost than has been 
known before by any other process ; but, unless we are 
much mistaken, it may be applied to the process 
the patents for which it is proposed to sell. If 
we had doubts on this point, they would be set 
at rest by the rapid multiplication of Elmore 
Companies. 

We see it reiterated in their prospectuses that 
the Elmore process is believed to be the most im- 
portant metallurgical discovery of recent years, and 
that it will take the same leading position in 
the copper industry that Bessemer’s did in iron and 
steel. It is not stated who formed this opinion or who 
subscribes to it as an article of faith, but the mere 
statement is of value, for it gives an opportunity of 
recording that Bessemer has received a million in 
royalties. We need not trouble to make a comparison 
between the two processes or the methods of their 
development. We do not see any comparison 
in their respective values. It took Bessemer some 
years, and there was a good deal of solid work done, 
before he got his million. Hardly any time has 
elapsed since Elmore took out his patent, and no 
commercial work at all has been done, yet the Elmore 
people must have absorbed a good many hundreds of 
thousands of pounds already, and the Timbuctoo Com- 
pany is not out yet. We wish Sir Henry Bessemer’s 
name were invoked for a better purpose, and placed in 
better company. 

We have to consider what the Elmore process is, and 
on what grounds a company is asked to pay £137,500 
for the Austro-Hungarian rights. The electro-deposi- 
tion of copper is an old and well-known process. It is 
alleged that for commercial purposes there is not 
sufficient tenacity in the deposited coating, and that 
some mechanical assistance is required to obtain the 
necessary result. We do not know exactly how 
much Mr. Elmore claims to have discovered, or 
how much he claims to have invented, but speak- 
ing broadly we believe that the application of the 
burnisher constitutes his sole claim. Quite suffi- 
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cient to entitle him to credit as a discoverer if 
the application enables some useful purpose to be 
served which could not have been served before, 
and quite sufficient to entitle him to reward as an in- 
ventor if the invention is novel and the patent for it 
can be sustained. But we are without any information 
of a practical character that the invention is a useful 
one. Moreover, as the “Transactions of British Naval 
Architects,” for 1889 show, there is something to be 
actually said in opposition to electrically deposited 
tubes. Mr. Clark (an exhibitor at Glasgow Exhibition) 
said :—“ We have made tubes experimentally in the 
same way (electro-deposited), but they have not proved 
either so good or so cheap as tubes made by the system 
now in use, although the copper gives a remarkably 
close grain fracture, and is excessively tough. At the 
same time the point which I particularly draw your 
attention to is this, that at the temperature of 390°, 
which I understand is the working pressure of these 
main steam pipes, the electro-deposited copper gives 
no better result; in fact, a shade worse result than 
seamless-drawn copper . . . . Moreover, as the diminu- 
tion in strength between the normal temperature and 
390° in the case of the electro-deposited copper is so very 
great, it would seem logically to follow that if you got 
anything higher than 390° it would decrease in the 
same ratio, and would thus become much worse than a 
seamless solid-drawn copper pipe, &c.,” and to con- 
clude—“I may say in conclusion that we have given 
considerable attention and time to this question of 
making tubes by electro-deposition, but have come to 
the conclusion that it is not so satisfactory a method 
as that of making them by the seamless drawn pro- 
cess.” Mr. W. Parker also reports :—“ The tenacity of 
the electro-deposited copper was, in its cold state, 24? 
tons per square inch, the solid drawn ‘had a tenacity 
of 20 tons, and the plate copper a tenacity of about 
14 tons. When subjected to high temperatures 
these high tenacities vanish very quickly. At a tem- 
perature of 390° F., equal to the pressure of steam at a 
pressure of 200 lbs. per square inch, the electro- 
deposited falls to 15:3, or a loss of 61 per cent. ; the 
solid-drawn to 14, or 30 per cent. ; and the plate to 104, 
or 25 per cent.” 

Mr. Stepney Rawson has informed a shareholders’ 
meeting that some incredulous copper worker (name 
not stated) was astounded at the result attained. 
Directors have made more or less vague statements 
of the progress of the work and its wonderful value, 
and the great misfortune of the breakdown of an engine, 
but the commodity is hardly yet on the market. The 
value of the process commercially is an unknown 
quantity. Yet companies are brought out in a prodigal 
manner, and money squandered for rights of one sort 
and another in more prodigal fashion. If the engine 
had not broken down the manufacturing might have 
been in full swing, the cost of the process known, and 
estimates dispensed with. We hope the makers will 
receive adequate reward for the breakdown in event of 
its proving advantageous to the parties interested in the 
promotion of these further companies. 

Tt is useless to attempt to disguise the fact that 


Elmore’s process has, up to the present, been simply a 
promoters’ puppet. Parallels are to be found, and the 
eventual outcome may consequently be anticipated with 
certainty. The original Brush Company will be in 
the recollection of our readers. What became of its 
numerous offspring? They were simply acquired by 
and re-amalgamated with the parent company at a 
very considerable direct loss to investors and indirect 
loss to the electrical profession. Water-Gas is a later 
example. Perhaps there is a greater similarity to the 
famous Date Coffee Company in the Elmore system of 
issues. The Date Coffee Company made a great deal 
of a contract entered into with Messrs. Mac Something 
to take their output for a certain period. It was 
worthless. We notice a similar arrangement, only 
less definite, on the part of the Elmore Wire Company 
to dispose of their output for 1891. We wonder 
what the output of 1891 will amount to, or whether 
it is certain there will be any output at all ? 

Vagueness and uncertainty, with a good deal of un- 
healthy high-falutin, has been the characteristic of the 
Elmore information up to now. We turn in vain to the 
prospectus of the Austro-Hungarian Company for any- 
thing different. In the first paragraph the process is 
described as “extremely valuable.” This is about the 
only definite statement the directors permit themselves 
to make on their own authority. The principle of 
devolution of responsibility is ably carried out in the 
remainder of the prospectus. 

It is surprising that any set of business men should 
permit their names to stand at the head of a pro- 
spectus with such a paragraph as that headed, 
“ Estimated Profits.” In the English company’s pro- 
spectus it was estimated that under certain most disad- 
vantageous circumstances the profits would amount to 
over £100,000 a year. The directors of the English 
Wire Company were confident that another £100,000 a 
year would fall to that company’s lot. That makes 
£200,000 a year altogether for England. The population 
of Great Britain is 35,000,000, of Austria-Hungary 
40,000,000. “The directors do not give a formal 
estimate lest it may be thought exaggerated,” but the 
little sum which they practically ask the investor to 
work out for himself is :—as 35 is to 40 so is £200,000 
to the Austro-Hungarian Company’s income. We do 
not remember to have seen any instance in which one 
worthless estimate has been so shamelessly built up 
on another equally worthless, and a conclusion sug- 
gested by so absurd acomparison. China has a popu- 
lation of 370,000,000. Investors should wait till the 
China Company comes out. They can see for them- 
selves how much better their prospects will be. 

Considerable prominence is, of course, given to the 
market value of other Elmore shares. The Foreign 
and Colonial Company is at a premium. There is no 
reminder that it might well be accounted for on the 
strength of the purchase price of the precious rights 
now parted with. The public should clearly under- 
stand that the price of Elmore shares is simply a mea- 
sure of the reliance of the holders on the crop of latter- 
day-fools being sufficiently large to absorb more sub- 
com panies, 
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There is little else in the prospectus beyond such use- 
less announcements as that the Managing Director and 
Mr. Stepney Rawson are now taking a trip in Austria 
(doubtless at the company’s expense) engaged in the 
selection of a site for the company’s works, and that the 


arrangements generally have been carried through by. 


Woodhouse and Rawson United, Limited, who floated 
the French Company, and whose valuable co-operation 
is secured in the organisation of this company. We 
have tried to discover what this ambiguous statement 
means, but without success. We fail to see why an 
investor should be grateful to Woodhouse and Rawson, 


United, for making arrangements whereby he should | 


join in paying away £137,500, mostly in gold, and 
expend some more gold in the working of a process 
which may or may not deposit some coppers in his 
pocket in return. Nor do we see how their continued 
co-operation is to be made so valuable—to the investor. 

We have before.expressed our wish for something in 
the way of definite information on the Elmore process. 
We have also commented on some of Woodhouse 
and Rawson United company promotions. We regret 
that we are now compelled to repeat our warnings and 
to again draw attention to the disadvantage which the 
electrical profession incurs by such proceedings. We 
must perforce assume that Messrs. Woodhouse and 
Rawson United and the directors of the Elmore Com- 
pany are persuaded (or persuade themselves) that 
the invention is valuable and the process economi- 
cally workable, but it is not easy to characterise 
in safe language the conduct of those who continue 
to foist upon a public necessarily ignorant of its 
technical value a series of companies for the develop- 
ment of an unproved industry. The game, as we 
have already remarked, has been played before, and 
doubtless will be played again when another crop of 
fools shall have become ripe for it; but at least we 
hope the electrical industry will not be the foundation 
upon which such a terrace of unhealthy tenements 
will be built. 

It is too late to stop the transfer of cash from the 
pockets of the public to those of the promoters. That 
has already been done to a large extent, and the present 
company, of course, like all its predecessors, closes its 
subscription lists before the publication of the tech- 
nical journals. But there is one direction in which 
good money may be prevented being thrown after bad, 
and we earnestly press it upon the consideration of 
Elmore shareholders. It is a distressing incident in 
this process of company manufacture that sites have to 
be selected (and paid for), factories built,and machinery 
purchased, staff engaged, and wages paid. 

We cannot too often reiterate that there is no proof 
of the commercial value of the process. If there were 
such proof, it is extremely unlikely that there is work 
enough for a tube factory and a wire factory in England, 
and factories elsewhere in every country in the world. 
We will confine ourselves to saying that the possible 
waste of money in this direction is a sad feature of the 
business, and we strongly commend the Austro-Hun- 
garian shareholders to see to it that Lieut.-General 
Fraser and Mr. Stepney Rawson’s selection of a site be 





not confirmed, and that not one penny be devoted 
to the building of a factory until incontestable proof is 
forthcoming not merely that the process is practicable, 
but that Austria-Hungary offers a field of sufficient 
extent to justify manufacture on the spot, and further, 
to satisfy themselves that Austro-Hungarian Patent 
Laws, and Austro-Hungarian commerce give them a 
reasonable probability of fixity of tenure for any 
business they may start. The purchase money of the 
patents isa known sum. Let the waste stop there. 





A RECENT issue of the Wissens 
Wochenschrift contains a short paper 
by a German medical authority upon 
the pathological effects of the electric light. The glare 
of the electric light exercises a deleterious effect upon 
the eyesight of people who are exposed for too long a 
time to its action, and this effect is proportional to the 
power of the lamp. It might be thought that the 
injurious effects of the electric light upon the eyes are 
due to the fact that this light contains a preponderence 
of chemical rays, violet and ultra-violet, but this is not 
the case, for the eyes are not similarly affected by illu- 
minations of that character. According to the writer, 
the “tired ” sensation in the optic nerve and the local 
inflammation which accompanies it, are both due to the 
fact that the luminous waves proceeding from a powerful 
electric lamp are of very great intensity. The general 
symptoms induced in the eyes of people who have been 
exposed to the glare of unprotected lamps for too long 
a time are :—(1) Transient irritability of the retina ; 
(2) local inflammation ; (3) tears and “ flashing” of 
light before the eye ; (4) incipient paralysis of the eye. 
Usually, people experience sensations which are 
analogous to those which are felt when particles of 
foreign matter are present beneath the eye-lid. In 
order to prevent the sight being permanently injured, 
it is necessary to adopt hygienic shades, though these 
do not act thoroughly in reducing the intensity of the 
luminous waves. Rest must be sought, and the pain 
relieved by the application of cold water compresses. 
When the pain is almost unbearable—a calamity 
frequently suffered by those who have been exposed 
for many hours per day and for some time to the glare 
of powerful lamps—a medical man may relieve it by 
the injection of cocaine and atropine. The French 
call this peculiar malady coups de soleil electriques. 


The pathological effects 
of the Electric Light. 





A TELEGRAM from Florence says :— 

Fa ene ae dideat, “ When the Electric Railway Company 

tried to recommence the running of 

cars after the recent fatal accidents an angry mob rained 
stones on the vehicles and threatened to kill the con- 
ductors. Such is the state of public feeling just now 
that is is thought the whole scheme will have to be 
abandoned. The guard who caused the first accident 
by, in a moment of tipsy recklessness, turning the 
brake the wrong way, is reported to be dying in 
prison.” We trust that the excited state of the populace 
will soon give way to calmer reasoning, and that no 
such misfortune to the prospects of electric traction as 
that which now seems probable will result. Still, such 
fearful disasters as this, combined with the frequent 
fatalities from electric lighting circuits, will be made 
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the most of by those interested in opposition schemes. 
and the industry has already quite enough to contend 


against. 





THE Daily Graphic, of Friday last, 
contained a notice of a fatal accident 
to a lineman in Omaha, who was instantly killed whilst 
engaged in cutting a wire. A Reuter’s telegram on 
Saturday also announced two more deaths at Winch- 
enden, Mass., the preceding day, through an electric 
wire (sic) coming into contact with an incandescent 
circuit. We suppose a high tension circuit crossed the 
other. At the present rate of fatalities it seems likely 
that this year will be a record in the States. 


Killed by Electricity. 





ON the 28th May, 1884, Mr. Probert, 

Sherri Battery, the well-known Postal Telegraph ex- 
pert, read a paper before the Society 

of Arts, on primary batteries. He stated that to libe- 
rate a horse-power hour of energy, a quantity of zinc 
must be oxidised equal to 2022 lbs. divided by the 
electromotive force of the galvanic couple in use, As 
this is theoretically the minimum consumption, we 
do not usually expect to find a battery in practice 
giving results somewhat better than is actually pos- 
sible, and yet this is what Prof, Silvanus Thompson 
practically shows to have been obtained in his tests of 
the Vaughan-Sherrin primary cell, It is possible that 
his voltage readings were not quite accurate, and that 
the weight of zinc consumed was understated ; never- 
theless, we are face to face with an impossibility ; and 
this shows the uselessness of giving a report on the 
strength of the laboratory performance of one element. 
With eight or ten cells a small error of observation 
would have made but little practical difference ; with 
one, a trifling mistake proves fatal, for 2-022 divided 
by 199 gives one lb. and one quarter of an ounce as 
the theoretical demand, instead of one lb. and a fortieth 
of an ounce which the Professor claims to have actually 
obtained in his laboratory. Even if the newer deter- 
mination of 1:995 mentioned in Kempe’s “ Electrical 
Engineer’s Pocket-book,” and credited, we believe, to 
Sir William Thomson, is taken, the actual consumption 
is still Jess than the theoretical, Itis hardly worth while 
to follow these tests any further, but we would like to 
ask Dr. Thompson on what he bases his estimate of 
9d. to 10d. per Board of Trade unit as the net cost of 
electrical energy drawn from this battery ? Mr. Probert 
showed very conclusively that to produce 12:5 horse- 
power hours in the most economical manner necessi- 
tated for materials alone, an expenditure of 8s. 3d., 
or deducting 1s. 2$d. for sulphuric acid, which appa- 
rently is not used in the Vaughan-Sherrin element 
(unless as part of the depolariser), say 7s. Now this 
means theoretically 67d. per horse-power hour, or 9d. 
per Board of Trade unit. How, then, can Prof. Thomp- 
son’s estimate of net cost, which if it means anything 
is held to be clear of all deductions, be reconciled with 
these figures? There might be one explanation and 
that is, that the depolariser costs little or nothing ; 
but this cannot be so, or how account for the high 
E.M.F.? The Professor’s opinion upon the motor 
seems based upon somewhat antiquated notions. We 
know of half H.P. motors of 70 per cent. efficiency, 
containing not more than 60 lbs. of dead weight per 
brake horse-power déveloped, so we fail to see any- 
thing special in the motor under consideration. The 


tests credited to Mr. H. R. Kempe in his official capacity 
as a technical officer of the Postal Telegraphs are 
delightfully vague and apparently made to order. 
It will be noticed that the E.M.F. of the battery is not 
given, although we have reason to believe that it differs 
very considerably from Prof. Thompson’s ; the results, 
however, show that local action was not altogether 
a negligible quantity. Mr. Kempe’s ideas of launch 
gearing and boats generally seem hazy. Surely he 
must be aware that the motor shaft should be coupled 
direct to the propeller, thus eliminating all gearing, 
and that every conceivable shape of craft is avail- 
able, and has been tried by other electric launch 
builders. Why does Mr. Kempe consider that this 


. battery is well adapted to motive-power purposes ? 


Until we see the figures obtained in actual practice, say 
on a good spin with a bath chair or tricyle, we can only 
consider such data as that upon which we have com- 
mented as purely speculative and hypothetical. There 
is, however, a probability that these batteries may sup- 
plant the hired man for driving bath chairs, and if this 
turns out to be the case, there will be considerable 
demand for them at seaside resorts, judging from the 
number of interesting invalids always seen at these 
places. But whether an invalid could manipulate the 
apparatus unaided is quite another thing. 


AS is well known, the accurate mea- 
surement of the candle-power of a 
source of illumination is by no means an easy matter ; 
but this is hardly an excuse for the continual exaggera- 
tion with which we meet with reference to the power 
of arc and incandescent lamps. Even the fact that the 
latter, when turned out fresh from the manufacturers 
hands have their full nominal candle-power, is mis- 
leading, as deterioration commences almost from the 
moment the lamps are ran, and in a very short time, a 
building, which is stated to be lighted with so many 
lamps of a certain candle-power, can only justifiably be 
said to have that illumination at the outset. Allowing 
for breakages, &c., and the consequent eventual miscel- 
laneous assortment of lamps of various ages which are 
grouped in a building, it is hardly an exaggeration we 
think to say that the actual is at least 25 per cent. below 
the nominal illumination. 


Candle Power. 





THE Gas World in drawing atten- 
tion to the exaggeration of the light 
value of electric lamps, says :—‘ It may be urged that 
the electrician cannot prevent this change (alluding to 
the deterioration of incandescent lamps), and that he is 
not, therefore, responsible for any deficiency in the 
light. Would such an excuse be of any avail with a 
gas company? Could it plead that the coal purchased 
was not of the quality anticipated, or, that through 
some defect in the apparatus, the photometric value of 
the light had fallen below a given standard?” To this, 
we answer, certainly not at the present day, when the 
deficiency of light is known to be preventable ; but in 
the early days of gas excuses of the kind would have 
been perfectly justifiable, and could certainly not have 
been “laughed out of court,” as the Gas World says. 
When electric illumination has had the experience of 
years, and its defects are better understood, then excuses 
will no longer avail. 


Gas and Electricity. 
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TRAMWAYS. 





THE Americans are proud, and justly so, of the great 
growth of electric tramways and railways in the United 
States, and they are apt to sneer at the tardy introduc- 
tion of electric traction into this country. The causes 
of this state of affairs have been frequently explained. 
Generally speaking, tramway companies, like railway 
companies, will not adopt any new system of loco- 
motion until it has been demonstrated to be practically 
reliable, and to be superior to the existing methods of 
traction by horses or locomotives, as the case may be. 
Moreover, they do not care to ran the risk of converting 
their present horse cars, or locomotives, into electric 
cars at their own expense, but rather regard at a dis- 
tance the development of electric traction by the traction 
companies themselves ; and, finally, they do not seem 
inclined to favour electric traction. It would therefore 
appear that electric traction companies must continue 
to “ demonstrate” until they have shown that their 
systems are cheaper than those existing, when the tram- 
way companies will commence to seriously consider 
the advisability of a change. 

In the meantime it may be interesting if we give 
details regarding the tramways of this country, and of 
their cost of working. The latest obtainable returns of 
the tramway companies are to be found in Duncan's 
Tramway Manual for 1890. Atthe year ended 30th 
June, 1889, the total capital expended on tramway con- 
struction amounted to £13,664,591, the mileage of lines 
open to traffic being 949, as compared with 904 in the 
corresponding period of the previous year. The 
number of horses employed was 27,060, as against 
25,832 ; of engines 539, as compared with 514 ; of cars, 
3,645, as against 3,501 ; of passengers carried, 477,596,268, 
as compared with 428,996,045. The working expenses in- 
creased by 6°6 per cent., and the net receipts by 14.9 per 
cent. The ordinary working expenses of the principal 
companies are shown in the following table. By 
ordinary working expenses are implied traffic expenses, 
stables, general, law, and rates, but no allowances are 
made for repairs and renewal of track, corporation rent, 
mortgages, interest, &c. :— 


Ordinary work- 


Name of company. Mileage. ing expenses per 

car mile. 
Belfast... vA 15} 687d. 
Dublin United ... 32 749d. 
Edinburgh sie 18} 10°82d. 
Glasgow ... pms 30 9°52d. 
Liverpool ... wt 614 800d. 
London... Se 212 7°40d. 
London Street... 13} 888d. 
North Metropolitan | 41 8°55d. 
South London ... 134 800d. 


It will be evident from the table that the working 
expenses per car mile are higher than those admitted 
at the meeting of the Tramway Institute referred to 
some time ago, namely, 64d.; but the latter figure 
probably does not include stable expenses, general, law, 
and rates. 

It may be mentioned that the Blackpool electric 
tramway is worked with a capital of £20,025. The 
miles run during the last financial year were 94,000, 
and the dividend paid. 7 per cent. The Bessbrook and 
Newry Tramway Company has a capital of £10,000, 
and the last dividend paid was 4 percent. No par- 
ticulars are obtainable of the other experimental lines 
worked by electricity. 








Tenders for Electric Lighting.—Contractors for elec- 
tric lighting, steam, gas engine and boiler power, also 
for all kinds of lighting other than electricity, are 
required. Particulars from the Secretary of the Gasgow 
East End Industrial Exhibition, Mr. J. R. Chalmers, 
133, St. Vincent Street, Glasgow. 


THE VAUGHAN-SHERRIN SYSTEM OF 
ELECTRIC TRACTION. 





THE so-called new primary batteries are again being 
prominently brought before the public. A few weeks 
ago the Parisians professed to be greatly interested in 
the performances of an electric tricycle invented by M. 
Million and which was to revolutionise electric traction 
by means of the employment of a new primary battery. 
This invention an English electrical engineer, Mr. J. 
Vaughan-Sherrin, of Ramsgate, has endeavoured to 
excel. He has not taken advantage of the facilities 
afforded for attracting public attention by the Thames 
embankment or the West End streets, but has con- 
tented himself with demonstrations of his inventions 
in that picturesque quarter known as Eagle Wharf 
Road, N. At No. 48 in that street the Vaughan- 
Sherrin Electrical Engineering Company, Limited, has 
taken temporary offices, and there one of our friends 
wended his way last week to witness the demonstra- 
tions. : 

There are on view a Bath chair, a tricycle, a wherry 
and a launch propelled by electricity. ‘The main 
features of the inventions are a new primary battery 
and a special form of motor, but it is not easy to find 
any novelty in the make of the battery, or anything 
special in the motor. 

The primary battery is of the two fluid type with 
sheet zinc and carbon. In each cell are three fixed 
carbons and two replaceable zincs. Very light plates 
are used, and the particular construction adopted 
permits these to be placed very close together, so that 
the internal resistance is very small. The outer cells 
are of gutta-percha, and in them are embedded the 
porous cells which surround the zines. The liquid 
used in the inner cells is water, whilst that placed in 
the outer cells is a depolarising liquid of special com- 
position, capable, it is said, of being produced at a low 
cost. 

The E.M.F. is nearly two volts. The motor is a 
two-pole Gramme machine having the field magnets 
made in such a manner that while maintaining great 
mechanical strength it admits of very perfect lamination 
of the iron. When properly set there is no sparking at 
the commutator. Prof. Silvanus P. Thompson has 
conducted a series of tests of the performance of the 
battery. He states that :— 

“In one of my tests one of these cells gave outa 
current of 8°75 ampéres (average) for five consecutive 
hours, with an electromotive force (average) of 1°88 
volts, although the cell was only about half filled at 
starting. In another more complete test a cell gave a 
discharge lasting rather more than nine hours, of an 
average strength of 6°5 amperes, the average electromo- 
tive force over the whole period being 1:99 volts. The 
amount of zinc consumed was only 73°1 grammes, being 
at the rate of 1:24 grammes per ampére hour. This 
demonstrates that the quantity of zinc consumed per 
(gross) electrical horse-power hour will be almost exactly 
1 lb. and one-fortieth of an ounce. In a third and more 
elaborate test one of these cells gave a current of the 
average strength of 7°85 ampéres for 9} hours; the 
average electromotive force over the whole discharge 
being 1°74 volts, of which 1:308 volts was available at 
the terminal asthe working number of volts; the total 
quantity of current discharged was therefore about 
72°6 ampére hours. The total evolution of power was 
126:17 watt hours (or about equal to 4 of 1 horse-power 
for one hour), of which about 31:26 watt hours were 
expended upon the internal resistance of the cell, and 
94°81 watt hours (or about } of 1 horse-power for 
one hour) were available for useful purposes. Eight 
such cells would furnish to the circuit the equivalent 
of 1 horse-power for one hour; for example, they 
would furnish a power equal to the tenth part of 1 
horse-power for 10 hours. 

“The quantity of zinc consumed during the ‘)} hours 
discharge was about 90 grammes, or a little less than 
1} of a pound ; and the quantity of depolarising fluid 
was about half a pint. There is very little smell from 
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these cells, and that only at the latter end of the dis- 
charge ; in the discharge which lasted 9} hours there 
was no smell of any kind. for the first six hours. The 
efficiency of these cells when working at a discharge of 
about 8 ampéres is about 75 per cent. Taking this 
figure and assuming that the motor used with the cells 
‘was appropriately constructed and adjusted to run at 
an efficiency of 60 per cent., itis clear that the total 
consumption of zinc for an actual nett mechanical out- 
put of 1 horse-power would be about 2 Ibs. 14 ozs. per 
hour. Each cell, when filled, weighs 6} lbs., and yields 
11 ampére hours per Ib. of gross weight ; or at the rate 
of 38} lbs. gross weight per gross horse-power of elec- 
trical output. I know of no battery, primary or 
secondary, which for a given gross weight of cell will 
yield as great an output. The economy of zinc is 
remarkable, the consumption being close to the theo- 
retical limit. I estimate the net cost of electric energy 
— such cells at 9d. to 10d. per Board of Trade 
WE a sa 2 ok 

“ The motor tested first by me weighs 40 lbs., and it 
is intended for an output of from half to three-quarters 
of a horse-power when placed in a launch or on a tri- 
cycle. To give out its full power it should be supplied 
with current at a pressure of 55 volts, when it runs at a 
speed of from 1,500 to 2,000 revolutions per minute, 
according to circumstances. In my tests the motor 
was mounted upon a special testing stand, and supplied 
with current from a dynamo-electric machine. The 
current and potential were respectively measured by 
means of an amipére-meter and a voltmeter of the 
ordinary standard type, and the mechanical efficiency 
was measured by comparing the amount of electric 
power applied to a motor with the output of which it 
was capable, as measured by its actual power exerted 
upon a mechanical brake or dynamometer. This 
brake consisted of a grooved iron wheel (keyed to the 
shaft of the motor) at the periphery of which was 
applied a cord of graduated breadth attached to pans 
for holding weights ; this form of dynamometer being 
that devised by Ayrton and Perry. The speed was 
measured by a counter. In three experiments made 
the same day, the following results were obtained :— 

“(1) Current, 145 ampéres ; pressure of supply, 36 
volts ; speed, 1,252 revs. per minute ; torque on brake, 
10306 pound feet ; total electrical horse-power supply 
to motor, 0°699 ; mechanical horse-power executed by 
motor, 0°3907 ; efficiency, 55:86 per cent. 

“(2) Current, 18 ampéres; pressure of supply, 46°5 
volts ; speed, 1,380 revs. per minute ; torque on brake, 
14139 pound feet ; electrical horse-power supplied to 
motor, 1:122; mechanical horse-power executed by 
motor, 0°591 ; efficiency, 52°63.” 

The third test gave an efficiency of 46:35 per cent. 
On another day four other tests were made, when effi- 
ciencies of 56°2 per cent., 52°9, 53:2, and 65 per cent. 
were obtained. The professor also states :— 

“ Considering the size and weight of this motor, and 
comparing its efficiency with that of the best motors of 
equal weight or equal power in the market, I consider 
the performance of Mr. Sherrin’s motor very satis- 
factory. For sosmall a motor the power is high, being 
at the rate of one horse-power for only 62 lbs. of dead 
weight. The electrically-propelled Bath chair is fitted 
with one of Mr. Sherrin’s smaller motors, and is driven 
by the current derived from ten of his cells. In a 
short ran which I took in it, on unfavourable roads 
and in muddy weather, it ran at about six miles per 
hour on the level, and ascended a gradient of about 
one in eight at the rate of about two miles per hour. 
It was perfectly easy to manage, and the batteries gave 
no trouble either from spilling or fuming. I consider 
the electric chair a thoroughly practical and successful 
vehicle. Of the electrical tricycle I have made no 


trial pending certain alterations now in progress in its 
structure.” 

Mr. H. R. Kempe, of the Electrician’s Department, 
General Post Office, has also tested the battery. He 
finds that during a four honrs’ continuous run, an 
average current of 8856 ampéres was taken from the 
battery, and that the consamption of zinc was under 


7 per cent. in excess of the theoretical amount. He 
also states :— 

“ The efficiency of the battery with the mean current 
of 8856 ampéres was 65 per cent. This value, which 
is rather less than that obtained by Professor Thompson, 
practically confirms the tests taken by that gentleman, 
as the current taken out was in excess of that which 
was drawn in the test made by him. Had the battery 
been run with a lower current, the efficiency must have 
been proportionately increased. The drop of electro- 
motive force at the end of the four hours’ run amounted 
to 10 per cent., which is small, considering the small 
size of the cells and the heavy current drawn out. 
There was an entire absence of visible local action 
during the run, and the fumes given out were exceed- 
ingly slight.” 

A third report on the Bath chair has been furnished 
by Mr. P. Jensen, M.I.M.E. 

It is claimed that the tricycle will travel at eight 
miles an hour, and that the Bath chair will run six 
miles an hour, and will, when the cells are fully 
charged, run for nine hours. At the demonstration 
last week, however, the tricycle, with full current 
switched on, travelled at six miles on the level, the 
Bath chair at about four miles, and the wherry at six 
miles an hour on the adjoining canal. 

The Vaughan-Sherrin Electrical Engineering Com- 
pany, Limited, is being formed with a capital of £25,000 
to acquire the whole of the patents. 
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CONTRIBUTIONS TO THE MOLECULAR THEORY OF 
INDUCED MAGNETISM. 


By J. A. Ew1na, F.R.S., Professor of Engineering in University 
College, Dundee. 


(Read before Section A, September 5th, 1890.) 


As the facts of induced magnetism become better known, in- 
creasing interest attaches to molecular theories and increasing 
difficulty attends the theories that are current. Weber’s funda- 
mental conception that the molecules of iron or nickel or cobalt 
are always magnets, and that the process of magnetising consists 
in turning them from many directions towards one direction, has 
been strongly confirmed by the now well-established fact that 
there is a true saturation value, a finite limit to the intensity of 
magnetism, which may be reached or very closely approached by 
using a strong magnetic force.* Without going further back, to 
enquire (with Ampére) how the molecules come to be magnets, we 
may take this conception as the natural starting point of a theory. 
But when we go on to examine the conditions of constraint on the 
part of the rotatable molecules which have been suggested to 
make the theory square with what is known about permeability, 
about residual magnetism and other effects of magnetic hysteresis, 
about the effects of stress, of temperature, of mechanical vibration, 
and so forth, we find a mass of arbitrary assumptions which still 
leave the subject bristling with difficulties. Many of the pheno- 
mena suggest, for instance, the idea that there is a quasi-frictional 
resistance which opposes the turning of the molecular magnets ; 
this notion lends itself well to account for the most obvious effects 
of magnetic hysteresis and the reduction of hysteresis by vibra- 
tion. On the other hand, it conflicts with the fact that even the 
feeblest magnetic force induces some magnetism. My object in 
this paper is to refer to another (and not at all arbitrary) condi- 
tion of constraint which not only suffices to explain all the pheno- 
mena of hysteresis without any notion of friction, but seems to 
have in it abundant capability to account for every complexity of 
magnetic quality. , ; 

In describing Weber’s theory, Maxwell points out that, if each 
molecular magnet were perfectly free to turn, the slightest mag- 
netic force would suffice to bring the molecules into complete 
parallelism, and thus to produce magnetic saturation. He con- 
tinues :—‘ This, however, is not the case. The molecules do not 
turn with their axes to the force, and this is either 
because each molecule is acted on by a force tending to preserve 
it in its original direction, or because an equivalent effect is pro- 
duced by the mutual action of the entire system of molecules. 
Weber adopts the former of these suppositions as the simplest.” + 





* Ewing and Low, Phil. Trans., 1889, A, p. 221; see also 
H. E. J. G. du Bois, Phil. Mag., April 1890. 
+ Maxwell, “ Electricity and Magnetism,” Vol. II., § 443. 
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Weber su: a directing force to act in the original direction 
of the molecule’s axis which continues to act as a restoring force 
in that. direction after the molecule is disturbed. This assumed 
constraint is quite arbitrary ; moreover, if it were the only con- 
straint, there would be no residual magnetism when the deflecting 
force was withdrawn. Accordingly, Maxwell modifies Weber’s 
th by introducing the further assumption that when the angle 
of deflexion exceeds a certain limit the molecule begins to take 
permanent set. The development of this, however, does not agree 
well with the facts. 

The alternative which is offered in the sentence I have quoted 
from Maxwell was not followed up by him, and seems to have 
been very generally overlooked, notwithstanding its obvious free- 
dom from arbitrary assumption. Several writers, notably 
Wiedemann* and Hughest, have recognised the inter-molecular 
magnetic forces by 8 ting that the molecules, when un- 
acted on by any magnetising force from outside, may form closed 
rings or chains, “so as to satisfy their mutual attraction by the 
shortest path.” ~ But Wiedemann y postulates a fric- 


tional resistance to rotation, which will prevent this arrangement 


from being more than approximately attained, and which may 
be more or less overcome by vibration.§ 

I lately commented on the fact that soft iron and other magnetic 
metals (notably nickel under particular conditions of strain||) 
show a remarkably close approach to instability at certain stages 
in the magnetising or demagnetising -§ When the mag- 
netic force reaches a i -walue, the rate of change of 
magnetism with respect to change of force may become enormous. 
Referring to this in a paper which has just been published,** Mr. 
A. E. Kennelly has reverted to the idea of chains of etic 
molecules held together by the inter-molecular- magnetic forces, 
and contends that when such a chain is ruptured by applying a 
sufficiently strong external magnetic force it will fall to pieces 
throughout, and the molecular magnets which compose the chain 
will take their alignment suddenly. He accordingly sketches 
what he calls a “‘chain-theory” of magnetisation and an adapta- 
tion of the theory of Hughes, in which, however, he postulates an 
elastic resistance to the rotation of the molecules in addition to 
the constraint afforded by their mutual magnetic forces. Mr. 
Kennelly’s remarks are highly interesting and suggestive; but I 
do not think (for reasons which will ap immediately) that the 
notion of closed magnetic chains can maintained as a general 
account of the molecular structure of unmagnetised iron. 





Fie. 1. 


I have experimented on the subject by making a model molecular 
structure consisting of a large number of short steel bar-magnets, 
strongly magnetised, each pivoted like a compass-needle upon a 
sharp vertical centre and Salisased to swing horizontally. We 
cannot readily imitate in a model the two degrees of rotational 
freedom possessed by the axes of actual molecular magnets, but a 
yroup of magnets swinging in a_i gives a sufficiently good 
yeneral idea of the nature of the equilibrium which is brought about 
by inter-molecular forces, and the manner in which that equilbrium 
is disturbed when an external force is applied. The model is very 
vasily made. Each magnetis a piece of steel wire about one-tenth 
of an inch in diameter and 2 inches long (fig. 1), bent in the 
middle to bring the centre of gravity below the point of support. 
The hole, or rather recess, for the pivot is made by a centre punch : 
the pivot itself is a sewi venotla thiad ight inas base- 
plate which is punched out of a sheet of leads The bars swing 
with but little friction, and their pole s th is sufficient to 
make the mutual forces quite mask the ’s directive force 
when they are set moderately near one another. The group is 
arranged on a board on which lines are drawn to facilitate regu- 
larity in grouping when that is wanted, and the board slips into a 
large frame or open-sided flat box wound round the top, bottom, 
and two sides, with a coil through which an adjustable current 
may be passed to expose the group to a nearly homogeneous ex- 
ternal magnetic force. The coil is wound in a single very open 
layer, through which a sufficiently good view of the group inside 





* Wiedemann, Galvanismus, second edition, Vol. II. (1), p. 373. 
+ Hughes, “ Roy. Soc. Proc.,” May 10th, 1883. 
I Hughes, loc. cit. 
§ Wiedemann, “Phil. Mag.,” July 1886, p. 52; Elektricitit, 
vol. - §§ 784-785. 
& paper by H. Nagaoka, “Journal of the Science Coll 
of o em Ve | = ae 4 vol. ii. 1888, p. 304. ‘968 
« oO re) ti 2 2 2. ” 
(1890, gv ; e tution of Electrical Engineers,” No. 84 
** The Electrician, June 7th and 13th, 1890. 


is obtained.* A liquid rheostat with a sliding terminal is used to 
secure continuity in varying the magnetic force. It is scarcely 
necessary to add that the magnetic force which is applied to the 
group is too weak to have any material effect on the magnetism 
of individual bars. It alters their alignment only, just as a mag- 
netic force alters the alignment of Weber’s molecular magnets. 

When a number of these magnets are grouped either in a 
regular pattern or at random, and are left after disturbance 
to come to rest free from external magnetic force, they of course 
assume a form which has no resultant etic moment, provided 
the number be sufficiently — but it is apparent that they do 
not arrange themselves in chains. Any such configuration 
would in general be ‘unstable. Many stable configurations admit 
of being formed, and if the magnets are again disturbed and left 
to settle, the chances are much against any one configuration 
immediately ing itself. One general characteristic of these 
configurations is that they contain lines consisting of two, three, 
or more magnets, each member of a line being strongly controlled 
by its next neighbours in that line, but little influenced by neigh- 
bours which lie off the line on either side. Thus, if there are two 
magnets simply, they form (as might be anticipated) a highly 
stable pair, thus :— 


—_—_ — > 


With three magnets, two form a line along one side of the 
triangle joining the fixed centres, and the third lies parallel, or 
nearly so, facing oppositely. Four magnets will usually form two 
lines with directions which lie nearly along two sides of the 
quadrilateral ; but diagonally opposite magnets may pair, leaving 
the others unattached. Suppose them set at the corners of a 
rectangle with unequal sides, they may lie in any of these forms 





if the inequality in distance be not too great. All these configu- 
rations are stable, and the condition of least energy, while making 
the first of them the most probable, does not prevent the occa- 
sional formation of the others. In a long line, the same condition 
leads in general to this formation :— 


—_—2> —> nr —— — FP oo > 


but it is by no means uncommon to find a line broken into two or 
more sections, thus :— . 


adn ana a a= 4 @-= 


Seven magnets grouped so that the centres of six form a regular 
hexagon, with one in the middle, have a great variety of possible 
stable configurations, of which these are examples :— 





Fig. 2. 


Experimental study of the forms which may be assumed by 
groups, and of the vibrations which may be transmitted through 
groups, is interesting, but to pursue it would be beside my present 
purpose. In all cases, the configuration assumed by a group is 
such that there is stability for small displacements, but different 
positions of the group may be stable in different degrees, and if 
members of the group be turned through a sufficiently great angle, 
they become unstable, and fall into a new position of stability, 
bringing about a partial reconstruction of the lines that characterise 
the group. Special interest attaches to square patterns, from the 
fact that iron and nickel (probably cobalt also) crystallise in the 
a In a square pattern of many members, we find, in 
general, lines running el with all sides of the square when 
the group settles without directive force after a disturbance. 

Let the group, or collection of groups, be sul jected to an external 
magnetic force, 4, gradually increasing from zero. The first 
effect is to produce a stable deflexion of all members except those 


* In showing the experiments, the board with the magnets on it 
may, of course, be placed in clear view above the coil; the coil is 
then made larger, or a stronger current is used. 
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which lie exactly along or opposite to the direction of -®. This 
results in giving a small resultant moment to the group (assuming 
that there was none to begin te which —. at —— 
or very nearly uniform rate- as ® increases. 

the first. stage bn the magnetisation of| iron or ened 

metal (a, fig. The initial ‘susceptibility is a ‘small ‘finite 
quantity, ant it is weneily waitgos for very-small peomerv9 of 2. 


: Lith 





ai 
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Suppose that, without going beyond this stage, we remove @ ; 
the molecular magnets, not having been deflected beyond the limit 
of stability, simply return to ‘their initial places, and there is no 
residual magnetism. This, again, agrees with the fact that 
no residual magnetism is produced by very feeble , wecestining 
forces. Up to this point there ~ been etic 
hysteresis. Pat let the value of @ be iasiesied . ea any 
part of the group becomes unstable, and hysteresis immediately 
comes into play. At the same time, there aginst Sede b-peied 
augmentation of susceptibility—that is to say, a marked. 
in the rate at which resultant moment is acquired. It is - 
cult to arrange groups in which the state of instability is. eachisd 
with one and the same value of % throughout the group. But, in 
general, we shall have different elementary magnets, or ioant 
lites of them, reaching instability with different values of ®. ‘The 
range of #; however, which suffices to bring about instability 
throughout the whole, or nearly the whole, of the members in 
inost groups is not large ; we, therefore, fiad in the action of the 
model a close analogy to the second stage (6, fig. 3) of the ‘process 
of magnetisation, in which the magnetism rises more or less sud- 
denly, as well as to the first stage (a). 

During the second stage (b), the magnetic elements fall for the 
most part into lines which agree more or less exactly with the 
direction of . If, at the end of this stage, we remove %, we 
find that a very large proportion of the moment: which the group 
has acquired remains; in other words, there is a great deal of 
residual magnetism. To take an instance, suppose we have a 

group lying initially as in fig. 4, and apply a magnetic force, %, in 
the direction sketched, the first stage (a) deflects all the molecular 
magnets slightly, without making any of them become unstable ; 
the second —_ (b) brings the molecules into the general direction 
shown in fig, 5, or rather, that is the direction they assume when 





Fre. 4." 


® is removed, and the residual magnetism contributed. by. the 
group is then the sum of their moments resolved along @. hen 
® is acting, the components along @ are slightly greater, for the 
molecules are ver! (stably) deflected through a small , Angle 
towards the:line of '®. » A 

= Let Dbe foxthet inevensed-.we now r have: the third ual: ) 


WV 


a esa ar in the closer approach to saturation that is 

the molecules being more we pulled ‘into exact line 
with sd. Wr '6).. Whether there will be instability, during the 
deflection of them from the lines of fig..5 will depend on the close- 
ness of the:poles, and on the inclination of the lines of fig. 5 to the 





Fig. “5. 


direction of @ (see below). In some groups saturation will be 
complete with a finite value of  ; in others, it will only be closely 
approximated to. In magnetising any actual specimen of iron, we 
have,.of course, to deal with a multitude of groups the lines to 
which lie ait very various inclinations to #. If we remove the 
foree ® at a point in stage c, we find very little, if any, more 
residual netism than was found at the end of.stageb. The 
tatio of coadnal to induced magnetism is a maximum about the 
end of stage .b, and diminishes as stage ¢ proceeds... This, again, 
agrees completely with the observed facts. 

There is some hysteresis during the removal (whether complete 
or partial) arid reapplication of magnetic force, because (provided 
we have enough groups to deal with) there will be some lines of 
elements whic h pass to and fro through a condition of instability 
during the removal and reapplication of the foree. For certain 
inclinations of the line, the movements are not reversible. 

Suppose, next, that having applied and removed a strong force, 
®, leaving strong residual polarity, we begin slowly to reverse %. 
At first, the effects are slight; presently, however, instability 
begins, and, as the force is increased within a narrow range, we 
find the molecules all upset. This is followed bya stage of nearly 
elastic deflection as saturation is approached. Thus, the well- 
koown general characteristics of cyclic processes are all repro- 
duced in the model (see fig. 8 below). 

Again, a small repeated cyclic change of # superposed upon a 
constant value of # produces small changes of aggregate polarity, 
which are reversible if the change of # is very small. This, as 
Lord Rayleigh has shown,* is what happens in a magnetic metal, 


Fie. 6. 


and the susceptibility with respect to small cyclic changes is small 
in.the model, just as it is in the actual solid. 
"AThe chief facts of permeability and retentiveness, and hysteresis 


sh o.4 





* Phil. Mag., March, 1887. 
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generally, are therefore at once explicable by supposing that 
Weber’s molecular magnets are constrained by no other forces 
than those due to their. own mutual magnetic attractions and re- 
pulsions. No arbitrary constraining forces are required. In the 
model the centres of rotation are fixed; in re to the actual 
solid we may make an equivalent supposition, namely, that the 
distances between the molecular centres do not change (except in 
so far as they may be changed by strain). , 
Hysteresis, then, is not the result of any quasi-frictional 
resistance to molecular rotations; it occurs wheneyer a molecule 
turns from one stable position of rest to another through an 
unstable condition. . When. it is forced to return, it again 
through a condition of instability. This process, considered 
mechanically, is not reversible ;-the forces -are. different for the 
same displacement, going and coming, and there is dissipation of 
energy. In the caeieh energy thus expended sets the little 
bars swinging, and their swings take some time to subside. In 
the actual solid the energy which the molecular magnet loses as it 
swings through unstab ape generates eddy currents in 
surrounding matter. Let the magnets of the model be furnished 


‘with air-vanes to damp their swings, and the correspondence is 


complete. 

A regular group of elementary. magnets, especially when 
furnished with air-vanes, gives a good illustration of = & has 
been called magnetic viscosity. When the, imposed force ® 
reaches a critical value one of the outer members of the group 
becomes unstable, and swings slowly round ; its next neighbours, 
finding their stability weakened, follow suit, and the disturbance 
spreads through the group in a way eminently suggestive of those 
phenomena of time-lag in magnetisation which I have described 
in a former c.* 

The model shows equally well other magnetic phenomena which 
presumably depend on the inertia of the molecules, such as the 
fact that a given force causes more magnetic induction when 
suddenly applied than when gradually applied, and leaves less 
— magnetism when suddenly removed than when gradually 
removed. 

The well-known effects of mechanical vibration in augmenting 
magnetic susceptibility and reducing retentiveness are readily 
explicable when we consider that vibration will cause periodic 
changes in the distances between moleclular centres. This has 
not only a direct. influence in making the molecular magnets 
respond more easily to changes of magnetic force by reducing 
their stability during the intervals when they recede from each 
other, but tends indirectly towards the eame result by setting them 


swinging. 

The effects of temperature which are common to the three 
magnetic metals may be stated thus:—Let any moderate mag- 
netising force be applied, not strong enough to produce anything 
like an approach to magnetic saturation, and let the temperature 
be raised. Then the permeability: increases until the temperature 
reaches.a certain (high) critical value, at which, almost suddenly, 
there is an almost complete disappearance of magnetic equality. 
As regards the first effect, it is clear that an increase of permea- 
bility is to be expected from the theory ; expansion with rise of 
temperature involves a separation, of the molecular centres, and 
therefore a reduction of stability.. As regards the almost sudden 
loss of susceptibility which occurs at a high temperature, it may 
do no harm to hazard a rather wild conjecture. We may suppose 
the molecular magnets to be swinging more or less, the violence 
of the swings increasing as the temperature rises, until finally it 
develops into rotation. Should this happen, all trace of polarity 
would of course disappear. The conjecture that the molecular 
magnets oscillate more and more as the temperature rises, is at 
least supported by the fact (carefully investigated by Hopkinson * 
in iron and nickel; data for cobalt also have lately been supplied 
by du Bois +) that under strong magnetic forces rise of tem- 
perature reduces magnetism ; for with strong forces the molecular 
magnets are already ranged so that their mean direction is nearly 
parallel to 2% : hence the earlier effect of heat (to diminish sta- 
bility and facilitate alignment) does not tell, and the increased 
swinging simply results in reducing the mean value for each 
molecule of its moment resolved parallel to the magnetising force. 

Before referring to effects of stress we may consider shortly the 
stability of a pair or line of magnets, treating each as a pair of 
peles subject to the law of inverse squares. Take first a single 
pair of equal ets with centres at c and'c’ (fig. 7). The poles, 
P, P’, would lie in the line c c’, but for the imposed force 4, which 
produces a deflection, cc’ P’ or o’ c'P = @, 

Let a be the angle which # makes with the line of centres, m 
the pole strength, and r the half length of the magnetic axis of 
each magnet. The deflecting moment is 


2H mr sin (a — 8), 
and the restoring moment is 
m? 6 


bed | 
bol 


, 





7 


P 


cn being drawn normal to pr. The restoring moment at first 
increases with #, but passes a maximum at a value of @ which 
depends on the relation of r to the distance between the centres. 
The condition, of equilibrium is 


“ 
ro 





* “ Roy. Soc. Proc,” June 1889. 
Poy Phil. ‘Trans.,” 1889, A, p° 443; “Roys Soc. Proc.,” June, 
t “ Phil Mag.,” April, 1890, 


— 
2H mrsin (a — 0) = ™ °X, 
PP? 


and as # and @ are increased the equilibrium becomes neutral, 
that is to say, the condition of instability is reached, when 
4 wed 
ae {2 9 mr sin (a — 6)} = ——, 

These two equations serve to determine the value of and of 0 
at which instability occurs. If we have to deal with a long line of 
magnets instead of a single pair, we have to write 2 m’ instead of 
m? in the restoring moment. 

A considerable amount of stable deflection is possible when the 
distance between the poles is not small compared with r. When 
the direction cf # is not much inclined to c c’ (that is, when u has 
a value approaching 0) there is no instability. In rows with 
various inclinations to %, the first to become unstable as @ is in- 
creased will be that for which a — @ is equal to} =. 

If a, the half distance between the poles in the undefiected 
position, be small compared with r, there is but little deflection 
before instability occurs, and in that case, provided a be not small, 
nor nearly equal to 7, the occurrence of instability is defined by 
the condition —_ 

d on 
dé p Pp? “ 


1 
which is satisfied when tan » = Ve ¢ being the inclination of 


P P’ to the line of certtres. ~Hence, with the same proviso (a not 
nearly 0 or to 7, and a small compared with r), the value of 9 
which causes the instability is 

™m 


o- 12 73.a'sina 


for a single pair of magnets, and twice this quantity for the 
middle members of a long row. ‘This is, of course, least for 
magnets which lie normal to 4. 
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In the special case when a = 7, instability occurs when 


m 


®=- Fa 


with the single pair, or m/4 a? with the row. , i a 

Applied to the case of a group of rows, uniform in distance 
between the centres, but various as regards their direction with 
respect to 4), these considerations show that after @ has reached 
a value sufficient to make the most susceptible members ynstable, 
no very great increase is required to bring about instability in by 
far the greater number of the other.rows. One general effect of 
increasing the distance between all the centres is to reduce the 
range of variation of 4 within which most of the different rows 
become unstable as the force is progressively increased. 

In annealed metal, where we may expect considerable general 
homogeneity, as regards distance between the centres of the 
molecular magnets, we find that practically the whole of the 
abrupt stage in the process of magnetisation is included within 
narrow limits of magnetising force. We accordingly obtain curves 
like a a (iy. 8). ‘ 

When the metal is strained sufficiently to receive pai 
set the curves take more rounded outlines (such as 8 B), showing 
less susceptibility throughout, less residual magnenem, and more 
coercive force. ‘The most natural explanation of this, on the basis 
of the molecular theory, appears to be, that set produces on the 
whole a shortening of the distances between molecular centres, 
hence. greater stability and more coercive force; but this is 
assocjated with heterogeneity, that is variety in the distances, 
hence the rounded outlines of the curves. We know that set tends 
to develop, or at least to emphasize, heterogeneity ; for instante, a 
bar of iron or steel pulled in the testing machine stretches 
irregularly after the elastic limit is passed. ; ri 

The effects of stress and consequent elastic strain on magnetic 
quality are so complex and so'variqus in iron, nickel, and gobalt, 
that it would be premature to attempt any full discussion of them 
from the point of view of the theory now sketched. Only a few 
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general features need be referred to at present. Some of these 
can be traced experimentally in the model by setting the supports 
of the magnets upon a sheet of thin India-rubber, which may be 
stretched or distorted to imitate the conditions of longitudinal or 
torsional strain. 


When pulling stress is applied, those rowsof molecular magnets 
which lie more or less along the direction of the stress, have their 
i reduced by the lengthening of the lines of centres; 
similarly, rows which lie more or less normal to the stress have 
their stability increased. The spon | effect on the general 
susceptibility of the material will de on which of these con- 
flicting influences preponderates. t pull be applied before 
magnetisation i , while the metal is still in a neutral state. 
The stretching of longitudinal lines and the contraction of trans- 
verse lines will not only alter the stability of those molecules 
which continue to lie in their original rows, but will tend to make 
the members of those rows which are much lengthened swing 
ronnd and form transverse lines in which they will be more stable 
than before. We may therefore tere & eee that the 
permeability with regard to strong fields will uced by pull, 
as it actually is both in iron and in nickel, though with regard to 
weak fields the permeability may be increased, as it is in iron. 
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Again, the theory explains well why the effects of stress are by 
no means ~ — (1) MIO) ae i is a first and the 
magnetic force after, and (2) when the magnetic force is applied 
first and the stress after. ” 

Let a moderate magnetising force be applied and then begin to 
apply stress. The first effects are in general large, for the strain 
ne spear into instability those molecular magnets which were 
already on the v of instability. This is beautifully apparent 
in iron (see “ Phil. Trans.” 1885, part 2, plates 63 and 61 3; and 
the theory shows why the first effects are not reversible, why they 
do not disappear when the stress is removed. and why it is only in 
subsequent a momen and removals of the stress that the mag- 
netic changes me cyclic. 

The same remark evidently applies to the first effects of stress 
on residual magnetism ; also to the first effects cf temperature- 
change either on induced or residual magnetism. Again, the 
eg Meat that when a cyclic change of stress is repeated, there 
will h is in the corresponding changes of magnetism, 
whether induced or residual, unless either the cyclic range is very 
small or the magnetism approaches saturation. During each 

ication of the stress, some molecular magnets will swi 
h unstable positions ; during the removal of stress they will 
swing back, but not at the same values of stress. And it will be 
characteristic of this hysteresis that the variation in magnetism 
will begin slowly when the change from applying to removing 
stress, or from removing to applying stress, begins. All this 
agrees with the facts. 

Moreover, the theory shows that even in the absence of any 
resultant magnetisation a cycle of stress makes the molecular 
configuration pass through a series of changes which will at first 
not be cyclic, but will cyclic when the stress-cycle is 
repeated, and in which any intermediate value of the stress will 
be associated = oe aggre during the going and 
coming e process. er words, we see that 
thave “rill be hgeteresh in the relation of molecular configu- 
ration to strebs.when a cycle of stress is repeated. Hence 
certain rathér.obscure effects which have been observed in 
ents; for instance, where an iron wire is 

unloaded down to a given load before being 
etised, its ae, is not the same as when the 
“were is completely unloaded and reloaded up to the same load. 

imental results of this kind led me in 1884 to write :—“ If 
we apply and remove stress in a wire whose ic state is 
entirely neutral, we cause some kind of molecular displacement in 
the relation of which to the applied stress there is hystereris.’* The 





* « Phil. Trans.,” 1885, part ii., p. 614. 


theory now offered shows how this happens. Hence, also, the re- 
markable hysteresis which the thermoelectric quality of iron 
exhibits with regard to cyclic changes of stress, discovered by 
Cohn, and more fully described in “ Phil. Trans.” 1886, p. 361. 
The hysteresis'of molecular configuration with respect to stress 
has been proved to be removable or reducible by vibration. 

From this theoretical explanation of hysteresis in the effects of 
stress, it at once follows that a cyclic change of stress (provided 
it be not very small) involves some dissipation of energy in a 
magnetic metal, wh the piece be etised or not. We may 
expect this dissipation to be most considerable under conditions 


which make the eee See large. But it will occur 
even when there is no trace of magnetism. 

This of course implies that, in a cyclic process of loading and 
unloading, work must be spent. There is no perfect elasticity in 
a magnetic metal, however slowly the process of straining be per- 
formed. Under any load there is less strain during application 
than during removal. This is borne out by experiments on the 
extension of iron wires (Brit. Assoc. Report, 1889, p. 502). 

The same action occurs to a marked in torsional strains. 
In a twisted specimen there will be a tendency on the part of the 
molecular magnets 1o range themselves along lines agreeing more 
or less with the direction of maximum contraction. Alternate 
twisting to opposite sides should therefore cause much molecular 
swinging through unstable positions, with consequent dissipation 
of energy, even in a piece which is not magnetised. 

Without going at present into details, it may be added that the 
phenomena of molecular “ accommodation” studied by Wiede- 
mann and by H. Tomlinson accord with the theory, and that it 
seems to lend itself well to explain the very remarkable results 
which have been obtained by Nagaoka* in experiments with 
nickel wire under twist or under a combination of pull and twist. 
It also agrees with what little is known as to the influence that 
previous magnetisation in one direction has upon subsequent mag- 
netisation in another direction. 

To sum up, I have endeavoured to show :— 

(1) That in considering the magnetisation of iron and other 
magnetic metals to be caused by the turning of permanent 
molecular ets, we may look simply to the magnetic forces 
which the molecular magnets exert on one another as the cause 
of their directional stability. There is no need to suppose the 
existence of any quasi-elastic directing force or of any quasi- 
fractional resistance to rotation. 

(2) That the intermolecular magnetic forces are sufficient to 
account for all the general characteristics of the process of mag- 
metisation, including the variations of susceptibility which occur 
as the magnetising force is increased. , 

(3) That the intermolecular magnetic forces are equally compe- 
tent to account for the known facts of retentiveness and coercive 
force and the characteristics of cyclic magnetic processes. 

(4) That magnetic hysteresis and the dissipation of energy 
which hysteresis involves are due to molecular instability result- 
ing from intermolecular magnetic actions, and are not due to 
anything in the nature of frictional resistance to the rotation of 
the molecular magnets. 

(5) That this theory is wide enough to admit explanation of the 
differences in magnetic quality which are shown by different sub- 
stances or by the same substance in different states. 

(6) That it accounts in a general way for the known effects of 
vibration, of temperature, and of stress upon etic quality. 

(7) That in particular it accounts for the known fact that there 
is hysteresis in the relation of magnetism to stress. 

(8) That it further explains why there is, in magnetic metals, 
hysteresis in physical quality generally with respect to stress, 
apart from the existence of isation. 

(9) That, in consequence, any (not very small) cycle of stress 
occurring in a magnetic metal involves dissipation of energy. 


Discussion. 


Sir Wu. Tuomson spoke of the extreme beauty and importance 
of the experiments shown by Prof. Ewing, and of the theory 
founded upon them. The fundamental idea of instability of the 
molecular magnetism seemed to be of very great importance 
indeed in explaining those puzzling phenomena which they had 
known in magnetic induction. The great amount of residual 
magnetism which Prof. Ewing himself showed to a higher degree 
than it had been shown before, was always one of the most difficult 
things to understand. But now that they saw an actual model in 
which those phenomena were produced, and in such an intelligible 
way, he thought that they might yet believe that the reality of the 
molecular constitution involved in a magnet was perfectly illus- 
trated in that model. Who was to say that they had molecules 
pivotted round points ? On the contrary, they were to believe more 
in the currents in cores theory, molecular currents. But they 
did not believe in ism as being merely translated from 
large models into a small scale to account for molecular pheno- 
mena. But he did say that if they had produced a model whicb 
illustrated any one part of the properties of matter, they had gone 
a certain distance towards explaining that property. What could 
be realised in steel and iron and wood and paper, was surely 
realisable in the wonderful and marvellous structure (let them 
not call it mechanism) of the molecule itself. They had numerous 
models to explain phenomena, but nothing he had seen had such 





*“ Journal of the College of Science of the University of 
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completeness as that they had been fortunate enough to see that 
day. 

Mr. Osporn Reynoups expressed his admiration for Prof. 
Ewing’s work, and the happy discovery he had made of a simple 
process by which to illustrate a fact. Prof. Ewing said he thought 
friction had nothing to do with the phenomena of magnetism. 
But was Prof. “4 repared to say that that model 
had nothing to do wit the explanation of friction just as it 
had to do with magnetism; and was there not a further 
step before them to explain friction by magnetism instead of 
magnetism by friction? It seemed to him that Professor Ewing 
had there an opportunity, not brought forward before in any way, 
of illustrating the action which for want of opportunity they lost. 
In an infinitely multiple system of positions of limited stability 
they had virtually a friction, and if they place it in any number 
of positions of limited stability it fell out of one to another. 
There they had it with very much more marked effect as regarded 
magnetisation. 

Prof. Frrz¢Eraup thought it would be very unfortunate if the 
general question were supposed to be confined merely to that of 


magnetisation. 


Prof. Ewrne, in acknowledging the thanks of the section, said 
that for some years back he had been much impressed with the 
phenomenon, to which the name of hysteresis had been given, and 
as soon as this explanation of it occurred to him, it also seemed to 
him that the same thing had to be worked out in the way sug- 
gested by Prof. Reynolds and Prof. FitzGerald as to friction. 

Mr. Mattock (Torquay), said that Prof. Ewing had referred to 
the fact that there was a cyclic change in metals. He had experi- 
mented with many substances besides magnetic metals, and in 
only very few had he found anything like similarity between the 
first half the up side of the curve and the down side. a. 
and topaz were very nearly the same, but he only noti it in 
them. 





Apprnprx II. 
ON THE AIR CONDENSERS OF THE BRITISH 
ASSOCIATION. 
By R. T. Guazesroox (with a Note by Dr. A. Murrueap). 


(Presented in Section A, September 9th, in conjunction with the report 
of the Committee on Electrical Standards.) 


Tue question of issuing certificates of capacity has from time to 
time been discussed by the committee. The following paper gives 
an account of some experiments that have been in progress during 
the past two years with this object in view. 

In the report for 1887 the committee express the opinion that it 
is desirable to proceed with the construction of an air condenser. 
In conformity with this opinion a meeting was held in London, at 
which Dr. A. Muirhead exhibited an air condenser consisting of a 
series of concentric brass cylinders insulated by glass rods, which 
appeared to the committee to merits; and it was 
decided that the secre’ should test this and two similar con- 
densers which Dr. Muirhead offered to lend, before p i 
further with the construction of condensers for the Association. 
The tests were carried out with satisfactory results. 

The capacity of each condenser was determined repeatedly, 
using the method of a vibrating commutator, due to Maxwell, 
already employed by J. J. Thomson, “ Phil. Trans.,” 1883, and 
Glazebrook, ‘‘ Phil. Mag.,” August, 1884. The values found 
were— 

¢, = *0030514 microfarads. 
C2 = °0031258 je 
c; = *0033288 2 


It was found that the capacities remain constant from day to 
day, and that the accuracy of a single determination was about 1 
in 1,000, although the capacity to be measured was so small. 

A mica condenser belonging to the Cavendish Laboratory was 
compared with these—details of the method will be given shortly 
—and it was found that when comparing a condenser of 1 micro- 
farad with the three air condensers combined, having thus a 
capacity of ‘009506 microfarads, so that the ratio of the two was 
about 100 to 1, an accuracy of about 1 in 1,000 was attained. It 
was also shown that the capacity of the mica condensers as thus 
found, differed by nearly 2 per cent. from its value as determined 
by the rapid commutator, thus proving that the commutator 
method was unsuitable for a condenser showing absorption. 

‘ ae for three mica condensers the following values were 
‘ound :— 


— nen 


By slow method of 








| With commutator comparison. 
4984 *4994 | 
09543 "09644 


| 


These results make the necessity for an air standard all the 
more apparent. A on the experiments, made up to that 
date, was laid before the committee at a meeting in London, in 
April, 1889. It was then decided to adopt Dr. Muirhead’s form 
of condenser, and to have two made on the same pattern for the 
Association. These have been constructed by the Cambridge 
Scientific Instrument Company, following Dr. Muirhead’s plan, 
but on an enlarged scale. Each has a capacity of about ‘02 





microfarads, or about six times that of one of the original con- 


densers. 

Fig. 1 shows the arrangement. 

The condensers consist of 24 concentric tubes ; the outer tube is 
about 2 feet 9 inches high and 6 inches in diameter. Each 
succeeding tube diminishes in diameter by half-an-inch ; the tubes 
are about .4,nd inch in thickness, and the air space between the 
inside of one tube and the outside of the next is about J,nd inch, 
but it was found impossible to get all the tubes of exactly the 
same thickness, so that in some cases the distance between the 
tubes is less than the above. These tubes are carried by two 
conical brass castings; the outside surface of each casting forms a 
series of twelve steps, over which the successive tubes fit. Each 
tube is held in position by screws. The upper cone is supported 
by the outside casing of the condenser, and twelve of the tubes 
hang vertically from it. The lower cone is carried by three ebo- 
nite pillars, about 3 inches in height ; the twelve tubes which are 
attached to it come respectively between those which are sus- 
pended from the upper cone. Thus the insulation depends on 
the ebonite pillars, assuming there is no leakage across the air 
from the edges of the tubes. There is an opening in the outer 
casing, closed by a door, by means of which the ebonite can be 
cleaned; the whole is dried by placing inside a small vessel 
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of sulphuric acid. In the centre of the upper cone there is a hole 
through which a rod passes. The rod is connected with the lower 
cone and forms the electrode for the insulated cylinders. An 
ebonite plug, fitting tightly round the rod, can be pushed down so 
as to close the hole and prevent the ingress of dust when the con- 
densers are not in use; when they are being used the plug is 
removed. 

The condensers are placed in the testing room at the Cavendish 
Laboratory and covered by a wood and canvas case to protect them 
from dust. It is not intended that they should be movable. 

After this description of the condensers we will proceed to an 
account of the tests to which they have been subject. The first 
test was for leakage. 

One set of cylinders was put to the earth while the other was 
connected wlth a gold leaf electroscope. An attempt was then 
made to charge them with an electrophorus or a small electrical 
machine, but this failed entirely. The electricity either sparked 
across at places where the tubes were very close together, or 
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lore the potential rose. iently to affect the electroscope small With these values, the only correction which need be included, 
‘Weews oe dust particles which adhered to the tubes formed leaks : i ite 


across; it was clear that the condenser couid not be charged to 
@ ialof the machine, Tests were then applied for leakage 
potential was lower. One set of tubes were connected 
eof a battery—about 36 storage cells were generally 
ed, having an E M.F. of 75 volts—the other set being in 
ion with an insulated key, the second pole of the battery 
was conhected through a galvanometer to the key and the con- 
denser cha . After an interval, usually about 5 minutes, con- 
tact was in made at the key, the deflection of the galvano- 
meter needle—assuming the E.M.F. of the battery not to have 
changed—was a measure of the quantity of electricity which had 
leaked from the condensers in the five minutes. 
“The amount of leakage was very different in the two condensers 
ri id. depended greatly on the dryness of the air and ebonite 







rd. Thus on March 11th, when strong acid had been enclosed 
for some time, for condenser I. the leak 1 minute amounted to 
about ‘1 cent. of the whole charge, while with condenser IT. it 
was about 10 times as great. 
_ The sulphuric acid was removed during the Easter vacation and 
replaced by calcium chloride and after this the leak in I. rose to 
about 1, a cent. per minute or 10 times its former value, while 
that in II. was from 3 to 4 per cent. of the charge. With the cal- 
cium chloride inside the leak was never reduced to less than about 
‘8 per cent. per minute. In August the condensers having been 
closed since June with calcium chloride there was a leak in I. of 
about 3 per cent. minute, while in the same time II. lost about 
8 per cent. of its charge. 

On August 14th, immediately after this test, the calcium chloride 
was replaced by sulphuric acid, and the leak was quickly reduced 
to about 1 per cent. per minute for I, For I1., no improvement 
showed itself at once. The next {sy the leak in I. was about °4 

cent. per minute, that in IT. not been greatly reduced. 
August 16th the ebonite was, therefore, well cleaned, and air 
was blown through the tubes of II., and the whole closed for about 
two hours; the leak had then fallen to about 2 per cent. = 
minute. By August 18th, the leaks were still more reduced, that 
in [. being ‘2 per cent, per minute, while that in II. was ‘6 per 
cent. per minute. 

By the afternoon of this day, the parts of the condensers 
having been open to the air of the Witentory for some six hours 
during other tests, the leaks had appreciably increased, but they 
had fallen again the next day when the condensers were left 
closed during the night. 

Thus, during the observations in August, with the exception of 
those on A 14th, the condenser I. was losing its charge at 
the rate of about ;j;th part per 1 minute, while the leakage in 
II, was some five or six times as great, being about ,},th part of 


the — ag 1 minute. © ~ 

As w seen later, several mica condensers were compared 
with I. and II., the leaks in them were all small, and did not 
exceed more than ;},,th per minute. 

We come now to the experiments for determining the capacities 
of the two condensers, Of these, three independent series were 
made, viz., in December, 1889, May and June, 1890, and August, 
1890. 
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The method, already referred to, was used. Fig. 2 gives a 
i of. the method; in fig. 3, the connexions actually em- 
ployed. are shown. With the notation employed, Phil. May., 
A a ; 
’ We have, if c be the capacity of the condenser, n the number 








- of times it is charged per 1 second, 
; ps a? 
dined ERS REX) 
“feths2O ab 


th oe tlhe mle «evened 
e afi + c (a+b + aS {1 * d({a+c+ at 
In most of the experiments about to-be described, we had the 
following values in legal ohms :— 
-- @=— 10 | d= 1,000 
b ‘= 18 g = 17,600 


“hile 6 which was the adjustable arm, varied from 6,000..to 


is the last factor in thé denominator, and we may wri 
we # 
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The resistances were taken from a legal ohm box belonging to 
the laboratory ; the various coils inthis box were carefully com- 
pared with each other by Mr. Searle, and found to be consistent 
with each other, at any rate to within 1 in 10,000. The coils were 
also compared ‘with the standards of the Association, and it was 
found that at 16° they were greater than — ohms in the ratio 
of 1:0011 tol. Thestandard temperature adopted in the experiments 


“was 17°, and since the coeffivient of increase of resistance of the box 


is about “0003 per 1° C., the resistances require to be multiplied by 
1-0014, to reduce them to legal ohms. In some cases, in the value 
of c, coils from a B.A. unit box, containing coils of ten, twenty, 
thirty and forty thousand, B.A. units were employed. 

The values found for these coils by myself in terms of the legal 
ohm box showed that they were very consistent with each other, 
and that the nominal 10,000 B.A.U. was equal to 9,880 legal ohms 
as measured by the legal ohm box. 
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In the comparisons of two condensers certain coils from a 
megohm box were used; the value of each of these was also de 
termined. They were as follows :— 


1 oes 98,731 Legal ohms of standard box. 
2 oni 98,625 bs = 
3 98,698 ” ” 
4 98,735 ” ” 
9 ave 98,725 " ‘ 
10 die 98,776 ” ” 


In the experiments on Dr. Muirhead’s condensers, the vibrating 
commutator described in Prof. Thomson’s paper, “ Phil. Trans.,” 





1883, or in my paper, “ Phil. Mag.,” 1884 was used, and that 
with complete success. In the experiments about to be described, 
this was replaced by a rotating commutator which had been fitted 
up by Prof. Thomson and Mr. Searle for their experiments on the 
other value of “v,” and which certain advantages over the 
other form. Dr. Muirhead and Dr. Fleming have also used a 
somewhat similar arrangement of apparatus. Fig. 4 shows the 
arrangement. The split ring commutator is carried on the axle, 
H K, which is driven by a water motor. Two wire springs, Q, R, 
are in contact with the two halves of the commutator respectively, 
and as it rotates the brush, p,made of very fine brass wire, is 
brought into communication alternately with q andr. The disc, 
L, M, was of iron, and its mass helped to'steady the motion. On 
one face of the disc a series of circles were drawn forming a 
number of annuli. The successive annuli were divided each into 
a different. number of divisions by radial marks. Thus in the 
innermost annulus there were four on the next five, and so on. 
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standard fork of the 


i 
: 
é 


between the two'were counted. The! frequency of the standard 


fork was determined by Prof. Thomson and Mr. Searle for their 

ents on “wv” recently communicated to the Royal Society. 

found that it had changed slightly since it was determined 

y Rayleigh, and give as the result of their experiments. 
Frequency at temperature t° 


= 128'105 { 1 — (t — 16) 00011} 


The driven fork was always adjusted to a slightly lower frequency 
than that of the standard, so that there were about 20 beats to the 
minute between the two. During any series of observations 10 
beats were repeatedly counted, but they rarely varied during the 
series sufficiently to affect the result. The commutator was de- 
ly constructed by Mr. Searle, who observed at the 
tuning fork throughout. A little attention was required to secure 
contact between the springs, Q, R, and the rotating parts, 
and also to adjust the brush, pr, but with moderate care in the 
adjustments the apparatus worked perfectly. 
e galvanometer was one constructed in the laboratory ; it had 
a resistance of 17,600 ohms, with a long silk fibre suspension—a 
quartz fibre would have been an improvement. 

Its sensitiveness was such that 1 scale division corresponded to 
*83 x 10-19 C.G.S. units of current ; the time of swing was 7:2 
seconds, so that the sudden discharge through the galvanometer 
of 10—” C.G.S. units of electricity produced a throw of one divi- 
sion, or, in other words, the quantity which, when dischar 
suddenly through, gave a throw of Sdivisions wass8 x 10-, This 
was determined by discharging through the galvanometer a con- 
denser of capacity -1 microfarad when charged to 1 volt, the 
throw observed was 100 divisions, while the steady current. due to 
an E.M.F. of 001 volt produced a deflection of 72 divisions. 

The observations were made by varying c. There was a commu- 
tator in the battery circuit ; in each position of this commutator 
two values of ¢ were taken and the corresponding resting points 
of the spot on the scale observed. From these the value of c, 
which corresponded to the zero position of the spot, was obtained 
by interpolation. 

These observations, were made twice for each position of the 
commutator and the mean taken. 

We will give one series as an example :— 


August 27th, 1890. 
Temperature of standard fork 18°8° 
Beats a 


a 


20 in 65'4 sec. 
20 in 65:2 sec. 


ConpeEnszR No. I. 
Frequency, 80 approximately. 


fo Zery reading. | Resistarce. Resting point. 
401 ¢ 5890 47 
ad 15880 51 
( 5880 46 
™~ 46 | 2.5890 49 
5890 48 
/ 48 { 5880 51 
; ( 5880 46 
\ al 1 5899 50 





Temperature of coils 17°5°. 
Beats 20 in 64°8 at 19°3°. 
It will be seen that between the third and fourth series the 
galvanometer zero has shifted slightly. 
From these we get as the four values of c, the following : 
5887°5 








Mean 5887°5 at 17°5 
Correction to 17° 9 


Value c = 5888°4 at 17° 


while the beats are 20 in 65 seconds at 19° or “307 per 1 second; at 
19° the frequency of the standard is 128-066, thus the frequency 
of the driven fork is 128-066 — ‘307, i.e. 127°759. Thus tor the 
dciving fork we have the octave below this or 63°879, while the 
frequency of the commutator is 5/4 of this. 





—-— 
were See ee 


Hence in this series , x9 alt Yo te i 
di 0. Gabi 29°840) pi Oni = 5888-4 


The accuracy attained iu this series-is'a fair specimen of the whole. 
With these we proceed to give the results in tabular 
form, sho’ ‘the- date, the valaés of n andc, and the resulting 


value of c. e wite by which ‘the condenser was connected to 
the commutator together with the commutator itself, had a certain 
eapacity which was determined.in: the same way, merely discon- 
necting the wire from’ the condenser, In the dbservations in 
December and Jyne we found ; — 
29 wW S@E ful tre ‘ possord? troxr 
a7 1G, lp O8780, ¢ = 28400 "yw B39 

whence the capacity of the wires is:0000625.microfarads, while in 
Angust.after the apparatus had been cet up afresh in a different 
position with new connecting wires, thé value of c was 22,200 and 
the ity ‘0000799 microfarads ; for the wires the values of c 
could be determined to about 1 per cent. 

In the table the value of ¢ has been corrected for the capacity 
of the wires. 


Taste I.—Conpenser I. 





Date. | Value c. Value n. Si) ea on ot 
Dec. 31st, 1889 ...| 14,762°5 31:95 021025 
7,372°3 63°90 021016 021020 
| 5,894°3 79°875 021019 
May 20th, 1890... 14,7729 31-93 021023 
| 7,876°5 63 86 021017 021022 
5,896°4 79 825 *021025 
June 16th, 1890... 7,375°0 63°86 | 021022 ~—--021022 
Aug. 27th, 1890... 14,7459 31°939 021038 
7,364'8 63°879 | -021027 021032 
5,888°4 79°849 021030 


Mean of the whole, °021024 microfarads. 





Taste II.—Conpenser II. 





Date. Valuec. | Valuen, tb haehin, og 
| 
Dec. 31st, 1889 .... 13,957°4 31°95 “022238 
6,963°6 63°90 022249 | -022237 
5.5751 | 79875 | -022225 | 
fb sa | 
May 20th, 1890... 13,945°3 31°93 -022271 
6,957'4 | 63°86 022283 | 022273 
5,568°2 79°825 “022266 
June 16th, 1890...|  6,953°4 63-86 022296 | -022296 
Aug. 27th, 1890... 13,774°6 31-939 022523 | 
6,878°6 | 63879 022515 | 022519 
5,500°4 | 79°849 022518 | 
Aug. 28th, 1890..| 6,8786 |  63°881 022515 | 022515 


| 





Taste IIL., giving the capacity of two Mica condensers for various 
Srequencies of charge. 


CoNDENSER A. 








Frequency. | June 12, June 14, June 16, Mean. 
21 | = 04885 04886 one 04886 
32 04883 0488 t ™ 04884 
64 04868 ‘01868 0186 t “04867 
80 - 04859 ow 04859 


ConpENSER B. 





21 | -o9642 | om -09642 
32 ft | 09642 =| ie | -99642 
64 i | 09634 | 00642 | -09638 





Taking the air condensers first the tables show that at any rate 
for frequencies between 32 and 80 per second, the time of charging 
has no effect on the capacity, while the individual observations in 
each series are within 1 in 2,000 of each other. 

For condenser I. the observations at frequency 64 are in all the 
seties the least, but this is not the case with condenser II. 

The capacity of condenser I. shows no change between December 
1889 and June 1890. The obeervations in August 1890 are all 
rather greater than the earlier series but the increase about 1 in 








es « - 
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2,000 is almost within the error of the ments. With regard 
to condenser II. there is an indication i es ape ol 


/ y : 
but it is eas to see that this leak was not sufficient to account for 
the change, for if 2 be the resistance of the leak, then our approxi- 
mate formula becomes 


1 a; a 
ac+ = oq instead of ne 7 

Now the current through the condenser when leaking most was 
about ‘0002 z c, where zis the E.M.F. to which it is charged and 
c the capacity of the condenser. 

P P 1 

Thus the resistance of the leak is - =<. 
units, since the value of c is ‘02 x 10—%. This resistance is 
250,000 megohms. 

Hence the correction to the capacity = 1/n rm = ‘0002 x c/n, 
and this is far too small to affect us. 

There is no doubt then that the capacity of II. altered during 
the experiments by about 1 per cent. and it will be necessary to 
take it to pieces and set it up again. 

It will remembered that. in the early ann of August, the 
leak in II. was very great, and it seems probable that the steps 
taken to discover the cause of the leak have produced a change in 
capacity. The experiments on II. then serve merely to show 
that the capacity can be found by the rotating commutator method 
to a high of accu , while those on I. prove that an air 
condenser, of 02 cgiestenall capacity, has been constructed, which 
has retained its ois, unaltered, for the eight months between 
January, 1889, and August, 1890. 

The effect of the leak in condenser II., was still further investi- 
gated on August 28th. The plates of II. were connected by a 
resistance of 30 megohms. Hence the correction to c, which is 


~ ~~ becomes — 000520 x 10-15, when n = 64. 

The value of c found with the leak in was 023813 x 10-15, 

Hence, making the correction, c = ‘02249 microfarads, which is 
sufficiently close to the value found without the artificial leak. 

Table III. shows that with miva condensers not very much 
greater in ite capacity than the air condensers, a change in the 
frequency of the charge from 21 to 80, produces an appreciable 
change in the capacity ; this, of course, is in consequence of the 
absorption. With large condensers, as we have already seen, the 
effect is more marked. 

It remains then to give an account of the experiments under- 


or ‘25 x 10° C.G.S. 


taken for the p of- comparing mica or paraffin condensers, 
as ordinarily with the air condensers, and of investigating 
some of the effects of absorption. 


The two well-known methods of De Sauty and Sir William 
Thomson have both been employed. 
The arrangements are shown in figs. 5 and 6. 





























Cc; 
B, A; 
Ri 
(Ys 
R, Ca 
B, Ae 
\ 
een 
K 
Fia. 5. 


The first of these is not really suitable for use in cases in which 
there is absorption, though with care a fairly accurate measure of 
the instantaneous capacity can be found. e resistances, 8), Bo, 
can always be arranged so that the effect of the charge rushing 
into the air condenser shows itself, as a sharp kick of |the spot of 
psa the left, say—followed by a slower deflection in the 
other direction due to the absorption charge soaking into the mica 
or paraffin. The resistance for which this sharp kick}practically 
poy is —_ definite, and from it the instantaneous capacity 
can found, while an observation of the resulting kick “ to 
the absorption enables us to calculate the increase of capacity 
which arises from that cause. This can be done in various ways ; 
the simplest, perhaps, is to disconnect the condensers from the 
circuit, and replacing the mica condenser by a variable condenser 
of small capacity, observe the kick this oh manag in the galvano- 

ttery. 





meter when charged with the same . From this the 
capacity to which the absorption is equivalent can be approxi- 
mately calculated. 

Thus a condenser of about ‘1 microfarad was compared with 


Dr. Muirhead’s three condensers combined. Taking c., R, to refer 
to the air condenser, we had 
Cz = *009506 
R,; = 898650 ohms. 
and with zr, = 89300 there was a slight tremor to the left anda 
movement of three divisions to the right; on changing r, by 100 
ohms the change in the motion of the spot was marked. 
This gives for the instantaneous capacity c, = 09550, the valuc 
found by the commutator at frequency 64 was “09543 microfarads. 
To evaluate the 5 divisions the air condenser was disconnected 
and the mica condenser replaced by one of capacity ‘001 micro- 
farads ; the kick observed was 4’8 divisions, while with 002 micro- 
farads it was 9 divisions, thus a kick of 5 divisions corresponds to 
about ‘0011 microfarad ity. . Hence the capacity of the mica 
condenser, including the effect of absorption, is ‘0966 micro- 
farads 


The second method, about to be described, in which the absorp- 
tion effect is included, gave ‘0965 microfarads. 


A | Q \A2 





C: Ce 














Ki 











Fia. 6. 


Let us now consider the second method. The current froma 
ba flows through a large resistance, R, + Bz, B, P B; (fig. 6). 
One plate of each condenser is in contact with B, and 3B, respec- 
tively, let v,, v. be the potentials at these points. The other 
plates, A,, 4g, are insulated and connected together and to the 
galvanometer «, the other pole of the galvanometer can be con- 
nected to Pp, through the insulated key x,. The galvanometer can 
be replaced by an electrometer. Let Rr, be the resistance, P, B, R, 
the resistance, P B,. Suppose the point, rp, be put to earth, the 
rest of the circuit being insulated. Then if ¢,,c., be the capacities 
it is easy to see that there will be no current through the galvano- 
meter on making the key k,, if c, BR, = Cz R. 

Now in the case of a mica or paraffin condenser the capacity is 
a function of the immediate _ history of the condenser and 
different values will be found for the kB,, R., according to the time 
the charging has lasted. Dr. Muirhead, however, who uses the 
method largely has shown how to obtain the instantaneous 
capacity from the observations. His method is described in the 
following extract from a letter to myself.* In the method as 
Gucibel, one pole of the battery is to earth instead of the point 
p of fig. 6. 

Dr. Muirhead writes :—‘“‘I have 05 microfarad- nearly in air 
condensers, and a series of mica condensers of ‘1, ‘2, ‘3, ‘331 
(original 1/3) and ‘498 (original -5) mf. capacity, all enclosed in a 
jw air-tight box to keep the temperature as umiform as 
possible. The capacity of these standards is determined periodi- 
cally by both the tuning fork method (using a revolving com- 


os 












Se 


S; = es 


: Fig. a. 


mutator instead of the tuning fork), and by the ballistic galvano- 
meter method. One can make comparison of these condensers 
among themselves and with other condensers by the method I 
adopt to an accuracy of 4 in 10,000. The temperature coefficient 
of shellacced mica condensers is about ‘018 per degree centigrade 
and of paraffined mica ‘034 per cent. 
Let 8, be the capacity of the air condensers 

condenser to be compared with air 
condensers. 





» Bg ” ” ” 





* See also Electrician, September 5th, 1890, 
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ELECTRICAT, 
After making battery contact, su ing the charging of the 
— to be instantaneous oa the absorption a em we 
ve 


v8, = (Vv — v) 8 


where v is the potential of the junction of the two condensers. 
Should there be any delay in obtaining the balance, the position 


_of von the slides og vary—say to v,—then the charges on the 


two condensers will 

v, 8, and (v — v,) (8; + ¢) 
respectively where o is the apparent increase of capacity of s, due 
to absorption or soaking in of charge. On pa wean Bed the 
armature of s, from the slides and putting it to o, or earth, 





the potential falls from v to 0, and immediately afterwards the 
potential of the junction of the two condensers becomes, say, v2, 
so that 

8, Uy + 8; (¥, — V) = (8 + 83) v 


Hence v, (8; + 8) — V 8 = (8; + Be) V2 
or ee a 
= 81” y= (m% — 0) 


v and v, are known, and v, is indicated at once on an electro- 
meter, or when a galvanometer is used it can be measured quickly 
thus :—As soon as v, has been observed, break the galvanometer 
contact and move the index of the slides down to o, then directly 
after bringing the armature of s, from the full potential of the 
slides to zero, close the galvanometer circuit and observe the 
throw, a, which is a measure of v,, the potential of the junction 
of the two condensers.” 

In my own experiments, which were made after consultation 
with Dr. Muirhead, I adopted a method practically the same as 
his ; but before describing it, it will be better to consider rather 
more the effects of absorption. Let us suppose, at first, that the 
leakage from either condenser is inappreciable. If there be no 
absorption, each condenser is charged to its full potential practi- 
cally instantaneously, and it does not matter nt or in what 
order the keys, K, K2, are put down, the position of r on the slide 
is not affected. 

Sup , now, that c, shows absorption, the capacity increases 
with the time of —— We can get the instantaneous capacity 
by depressing, first, the key x, and then k,, but in this case we 
are troubled with the effect of the slow after charging as in the 
other method. Still the resistance, for which the kick due to the 
initial charging disappears, is, with the condensers I employed, 
fairly marked, and a value for the instantaneous capacity can be 
thus fairly accurately obtained. 

If, now, K, be made for 1 second and then x, depressed, a dif- 
ferent position will be found for Pp. With this interval of charge 
the apparent capacity differs appreciably from its instantaneous 
value, and the after effects of the absorption can still be observed. 
The same is true for intervals of 2, 3 or 4 seconds, the value ob- 
tained for the capacity increases, and the after effect is still 
noticeable ; but with the condensers and battery I used, if the time 
of charging was po to 5 seconds, the after effect was inap- 
preciable, and the position of Pp on the slide, and hence the 
apparent value of the aeeey. were hardly affected by further in- 
creasing the time of charge. In the experiments 6n a ae recorded 
in Dr. Muirhead’s paper already referred to, the absorption 
effects continue much longer. In the observations recorded below, 
then, unless the contrary is stated, the key, K,, was held down for 
5 seconds, and then, K, being depressed, the position of P deter- 
mined, for which the galvanometer remained unaffected. The 
value of the capacity deduced, then, is the full capacity for the 
potential to which the condenser is charged. It is of course pos- 
sible, though further experiments would be wanted to prove it, 
that the full effect of absorption is not merely to increase by a 
definite amount, ind t of the potential, the apparent in- 
stantaneous ity, but that the increase may depend on the 

ntial to which in each case the condenser is being charged. 
Tt will of course depend on the purposes for which the condenser 
is to be used whether the instantaneous capacity or the full 
capacity is required, and it probably will be best, when issuing 
certificates, to state both the instantaneous capacity and the 
maximum increase due to absorption—mentioning at the same 
time the potential used in the iments for determining this 
correction, and glso the time @ deading in which this maximum 
increase is practically attained. 


The method I employed in determining the correction due to 
absorption was the following :—Suppose the plates, a, A, to be at 
potential zero and.uncharged. Make the ba’ key, K., and 
after keeping it made for some little time b it again. If 
there be no absorption a, and A, will still be at zero potential and 
uncharged ; but let there be absorption in one of the two, 4;, 
and let B, be the positive pole of the battery ; then, while the battery 
is on, negative electricity is being absorbed by the dielectric near 
A,, and positive electricity is left free over the plates, A, 4), aud 
the wires connecting them. When the battery is broken the 
negative electricity begins to soak out, but the process takes 
time. Hence, if immediately on breaking the battery key, K;, the 
galvanometer key, K), is made for an instant, there is a throw of 
the galvanometer needle indicating the passage to the earth of the 
positive set free by the absorption. If, after a time, the gal- 
vanometer key be again depressed, there is an equal throw. in the 
opposite direction caused by the passage of the negative which 
has again soaked out of the condenser. The required correction 
is obtained from either of these throws. 

For, let i be the current between B, and B, ; let c, be the instan- 
taneous capacity of the one condenser and c, of the other; and let 
Q be the quantity of electricity absorbed. Then the quantity of 
negative electricity on the plate, A,, is c, Rk; ¢ + Q, and thé 
quantity of positive electricity on the plate, Ay, is c, Ri, if wé 
assume the potential of these plates to be still zero. 

Therefore, 

Cy Ry t + Q = Cy Bt 
~SaBs 


or R, Cy Ry t 


Then neglecting the battery resistance 
_ E 
If = be the E.M.F. of the battery. 


SB -2 (1 + *:) 
E R 





Now, we have seen that with the galvanometer as I used it, if 
y is the throw produced by the passage of a quantity 9, then 
Q=y * 10-10, 

The battery consisted of 36 small storage cells, which, when 
fully charged, had an E.M.F. of about 75 volts, so that 


p= 75 x 10. 
Also, Cy = *021 microfarads 
= 21 x 10-%, 


Hence, with these numbers, 


CG _ Bp 8 (1 + #2) 
C. RB, 1575 Ry 


Or, writing it as a correction to ¢,, 


= 2 — 8 (1 + =) 10-1, 


Examples of the method of applying this correction will be 
given shortly. 

It will be noticed that a leak in one of the condensers may be 
corrected for in the same way. For, suppose the mica condenser 
to leak, then a quantity of q' of positive electricity passes through 
to the plate, a,, while the battery current is on, and the condition 
that the galvanomefter should not be deflected is, 


Cy Bg i — C, BR: t= Qh, 


the same equation as previously. 

There will, however, be this difference: on depressing the key, 
K, after breaking the battery circuit, a positive charge will in both 
cases pass from a to B through the galvanometer ; if this charge 
be due to absorption, there will, when the key is again depressed 
after an interval, be a current through the galvanometer in the 
opposite direction ; while if the firat charge be due entirely to a 
leak, there will be no effect when the key is the second time 
depressed. In practice, the leak and the absorption may exist 
together either in the same or different condensers. In the 
second case the leak will tend to produce opposite effects to those 
caused by the absorption; the quantity, q', however, increases 
nearly in the ratio of the time of charging, while q increases for 
the first few seconds, but soon reaches a maximum and then 
remains constant. : 

These considerations are illustrated by some experiments in 
which the condensers I. and If. were compared with various 
mica condensers. The battery key was in each case made for 30 
seconds ; it was then broken, and the galvanometer key was made 
for an instant, the resulting throw was the sum of those due to (1) 
the leak in the mica condenser (A) say; (2) the a! in that 
condenser (a) say; and (3) the leak in the air con , which 
produces an effect in the opposite direction — ', say. 

After about 30 seconds more the key was again ae the 
resulting throw is due to the absorbed electricity w has again 
leaked out, and will give us — a. 

The following table gives the results; each observation entered 
is the mean of three or four, 
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TABLE. 
Cond fy ae wy 
. compared. with | ss l mF II. 
standard, 
05 N+a—! 2:3 aot 
—-a — 3 — 26 
1 A+ a—.W! 2°2 -="9 
= @ —- 8 -—- 3 
1 A+a-Al 2:2 — 7 
-a — 22 — 35 
5 y+a-» 33 -4 
—a — 33 — 25 
sp | A+ a—2N! 4 — 32 
-—a |; — 6 — 7 


If we také the compari:ons with condenser I. first, it appears 


_ that throughout A — A’ is small. For the ‘05 and ‘1 microfarad it 
may be about — ‘5 divisions, while a is about 3 divisions; for 


the *5 microfarad, a is rather larger being about 3:3 and } — A! is 
zero, while for the 1 microfarad a the absorption effect is dis- 
tinctly larger, being 5 divisions, and A — ' is about — 1. All 
this is of course quite consistent with the fact that condenser I. 
and the mica condensers insulate well while there is absorption 
by the mica. 

When, however, we come to the condenser II. the results are 
quite different. While the absorption effects are comparable, as of 
course they ought to be, with those obtained in the comparison 
with I. the Jeakage effects are very large. 

The values of A — A' in order are as follows, —9, —12, —10°5, 
—6'5, —8. Now we know that the mica condenser shows very 
little leak effect, the above leaks are therefore almost entirely in 
the air condenser II, If we suppose the~total leak to be propor- 
tional to the time, then for the 5 second charges used in the 
experiments the corresponding values of y in the corrections to be 
introduced for leakage will be 1/6 of the above, and thus we get 
the following results :— 


Correction to 


Condensers. Valne of 4, capacity ip.micro- 
tarads tor the lenk. 
05 15 00007 
1 2 “00016 
5 1 ‘0003 
10 1 “0007 


It is clear that the corrections are in all cases small, being not 
much over 1 in 1,000, but they serve to illustrate the method. 
The above corrections are only those for the leak, the correction 
for absorption could be found in the same way. , 

With a view to testing the method in a casein which a leak only 
existed without absorption, a number of comparisons of I. and II. 
were made. 

In these experiments the resistance with I. was 296,240 The 


‘resistances with II. and the deflections due to the leak obtained 
.~ by breaking the battery and then making the galvanometer, are 


given below together with the ratio of the two capacities corrected 
for the leak. 








Interval between 
> : Leak i , 
pn oe ll Resistance. Po ‘le Ry Correction. C2 
contacts. divisions, K) Cy 
pin 275,980 0 1 0734 0 1:0734 
5” 275,180 2°5 1076  —-:0032 1:0733 
30” 271,380 145 1:0916. —*0184 10732 
60” 267,180 22°5 1:1088 . —*0286 1:0802 
6” 91,370 5 4°3223 0168 4°3391 
30” . 92,670 22 42617 0743 4°3360 


60" 94,170 42 4°1938 1415 4 3353 


. The last three lines of the table give the results of a series of 
comparisons between II., which had a leak, and a condenser of 
‘1 microfarad, which showed absorption. The resistance with II. 
was 394,980 ohms. 

In the first four lines the corrections are negative for the 


. capacity of the leaky condenser is being found in terms of the 


standard. In the next three lines they are positive, for the ratio 


:. of the mica condenser to the leaky standard II., is being found. 


A comparison of the fourth and sixth columns shows the results 


‘of the correction. In the fourth line it is clear that the correction 
oh x large enough, This probably arises from the difficulty of 


pair, Few a with-the galvanometer circuit sufficiently soon 
after the battery is broken to ensure that the whole of the charge 


-accumnlated by the leak should pass through the galvanometer. 


A. 


The leak correction was also tested with similar results by 
putting an artificial leak in I. 

We will.now give some specimens of the observations made to 
compare I. with a mica condenser in order to show the accuracy 
attained. Condenser I. compared with *1 microfarad; resistance 
with I., 493,560 ohms; resistance with °1 microfarad, 105,800 + a 
variable resistance given below. 

In the table in which the effect of the galvanometer is shown 

“by the letters ‘zx, L, in the last column, rk means there was a deflec- 
tion to the right, 1 to the left. ee : 








' Interval between 
galvanometer Variable resistance | Effect on 
| a to be added above. galvanometer. 
} battery contact. { 
' . 
“700 R 
5” 400 L 
500 very small zr 
400 L 
9 ‘700 R 
a 600 L 
1200 L 
1300 Tremor L, then 
0” ( swing to R 
1400 R 


| 


Thus in this case the effect of an alteration of 100 in the resist” 
ance, i.¢., +355 of the whole,.is very marked, and we may take the 
following values for r :— 

5” interval 105,800 + 500 
2" by tre 105,800 + 650 
0” Pe ve 105,800 + 1300 


Other series of observations showed that the resistance for 
10 seconds interval was the same as for 5 seconds; if the interval 
was prolonged to 30 seconds a very small increase in capacity was 
noticeable. Thus the effect of absorption is to increase the 
capacity of the ‘1 microfarad by about 8 in 1,000, or ‘008 of the 
whole, of this ‘0065 shows itself in the first 2 seconds of charging 
and ‘0015 afterwards, the increase after 5 seconds, if any, being 
extremely small. 

When comparing I. with ‘5 microfarad the resistances used were 
592,290 and 24,910 respectively. In this case an alteration in the 
latter resistance of 10 ohms, or =4;;;,, was easily seen. The follow 
ing are the results. :— 


loterv sl. Re-istance. «& 
10” 24,900 
5” 24,900 
3” 24,930 
0” 25,060 


Showing again that the absorption. effect disappears after 
5 seconds, and that the effect of absorption in 2 seconds is about 
0052, and in 5 seconds about 0064 of the whole capacity. 

When comparing with 1 microfarad, the resistances were 592,210 
and 12,580, the last number being accurate to about 5.ohms, or 
about the same proportion as before. 

The results of the various observations are given in the follow- 
ing table, the observations made with II. have been corrected for 
the leak as already explained. 


TABLE giving the capacities of certain ‘mica condensers as compared 
with the air condensers. 


Value found by 


Date. Value from I, Value from IT, commutator 
at frequen y 64. 
| < 
* } 
Aug. 19 7 04984 | + ‘04938 04867 
23 a 04934 ‘04936 
June 17 - ....< > “09772 09780 09638 
Aug. 14... ‘09751 re 
18 eal ‘09773 } 09786 
21 wel ‘09773 “09781 
; : 
Aug. 18(m)...|  *5005 | +5008 
18 (a)...|  *5007 | "6009 
21 coe | “5006 | “5010 
| } 
Aug. 18 > ‘9910 “9912 
| "9912 


geo -9913 


It will be noticed that, for either condenser I. or II., the results 
aré in very Close accordance ; with the exception of one observa- 
_tion, on August 14th, the differences are barely as great as 1 in 
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5,000, and the method is clearly capable of giving the value of a 


mica condenser in terms of the air condenser, to this accuracy. 

The reason for the low result on August 14th, is to be found in 
the fact that, on that day, the leak in I. was considerable, being, 
as we have seen, over 1 per cent. per minute. Full observations 
for the correction were not taken; it would, however, amount to 
about ‘0002, judged by the correction required to observations on 
II., when leaking at a similar rate. 

The results from II. are equally consistent among themselves, 
but all slightly greater than those from I. This would indicate 
that the correction applied for the leak in II. is rather too large. 

The capacities given in the table are those found with a five 
seconds interval, by which time, as we have seen, the absorption 
on the mica condensers used is practically complete. We have 
already discussed the'method of determining the instantaneous 
capacity, and a table of the corresponding values could easily be 
given. 

For our present purpose it is hardly necessary to do this and 
indeed for many pu for which condensers are employed, a 
knowledge of the full capacity is more useful than one of the 
instantaneous one. In the last column the values of the 
capacities found by the commutator method are given the 
differences in both cases amount to about 1:3 per cent. of the 
capacity. 

During the forthcoming year condenser II. will be again set up 
and tested and the permanent arrangements for rapidly com- 
paring condensers and for issuing certificates will, I hope, be 
completed. 

The discussion on this paper and the whole of the series will be 
given next week. 








LONDON COUNTY COUNCIL. 


THe Autumn Session was commenced on ‘Tuesday last, Sir Joun 
Lussock in the chair. 

The report of the Highways Committee stated the council, on 
the 29th July last, authorised the committee to deal, during the 
vacation, with any matter within the scope of their reference, 
which might require immediate action on behalf of the council. 
Acting under this authority, they have considered the undermen- 
tioned notices under the Electric Lighting Orders and Acts, and 
have, subject to the conditions stated below in each case, sanc- 
tioned, on behalf of the council, the works referred to therein. 

Notice, dated 25th July, 1890, from the Notting Hill Electric 
Lighting Company, of intention to lay mains on the west side of 
Aubrey Road, from Notting Hill Square to Aubrey House, was 
agreed to on condition that the company shall give three days’ 
notice to the council’s engineer before commencing the works. 

Notice, dated 31st Ju y, 1890, from the same company, of inten- 
tion to lay mains in Victoria Gardens, Ladbroke Road, Horbury 
Crescent, and Kensington Park Road, in substitution for the 
works in those thoroughfares sanctioned by the council on 24th 
June last, on condition that the company shall give three days’ 
notice to the council’s engineer before commencing the work ; that 
the cover stones of the culverts under 20 inches wide shall not be 
less than 2 inches thick, and of the wider culverts not less than 

} inches; and that where the culverts cross the carriage way, 
there shall be at least 9 inches thickness of Portland cement con- 
crete above the cover stones of the culvert, in addition to the road 
material. 

Notice, dated 31st July, 1890, from the Westminster Electric 
Supply Corporation, of intention to lay mains in Eaton Square, 
Eaton Place, Chester Square, and Ebury Street. This notice is 
for an alteration of the route of the mains sanctioned by the 
council on 6th May last, the alteration being made to meet the 
wishes of the inhabitants of the locality. The company shall give 
three days’ notice to the council’s engineer before commencing 
the work: the mains shall be laid under the footways wherever 
it is found practicable to do so; and that the covers of the boxes 
to be used shall consist of iron frames, filled in with material to 
suit the paving. 

Notice, dated Ist August, 1890, from the London Electric 


_ Supply Corporation, of intention to lay distributing mains in 


Great George Street, Princes Street and Victoria Street. That 
the company do give two days’ notice to the council’s engineer 
before commencing the work ; that the mains shall be laid under 
the footway whenever it is found practicable to do so, and be kept 
at least 9 inches beneath the under side of the paving; and that 
where it is found necessary to lay the mains under the carriage- 
way, they shall be kept at least 9 inches below the concrete or the 
road material, as the case may be. 

Notice, dated 31st July, 1890, from the St. James and Pall Mall 
Electric Light Company, under its order of 1890, of intention to 
lay mains in Burlington Gardens, Sackville Street, Swallow 
Street, Bury Street, St. James’s Place, and part of Shaftesbury 
Avenue, On condition that a proper plan of the proposed works 
be supplied by the company before any of them are commenced ; 


‘ that the company do give two days’ notice to the council’s 


engineer before commencing the work in any street; that the 
mains in Shaftesbury Avenue be laid in the subway of that 
thoroughfare ; that the positions to be occupied by the mains in 
the subway be subject to the approval of the engineer of the 
council, and that the work of placing them there be carried out to 
his satisfaction. 

The committee also directed the clerk to give a formal notice to 


_ the company requiring it to lay the mains for Shaftesbury Avenue 


in the subway ot that thoroughfare. 


An application was also considered of the Westminster Electric 
Supply Corporation for sanction to the laying of a 9-inch wrought 
iron pipe (to be used asa water main) from Victoria Station to the 
company’s premises in Eccleston Place, along Wilton Road, Buck- 
ingham Palace Road, Eccleston Street and Eccleston Place, as 
shown upon a plan submitted by the company, in addition to the 
electric mains in those thoroughfares sanctioned by the council 
on Ist April last. The laying of the pipe referred to was sanctioned 
on condition that it shall be laid at the same time as the mains 
already sanctioned for those thoroughfares. 

The committee had to report that the electric testing station 
at Nos. 42 and 43, Cranbourne Street is approaching com- 
pletion, and that they have arranged for Messrs. Hampton 
and Sons to supply the necessary furniture, fittings, blinds, 
&c., for the station, in accordance with an estimate submitted 
by that firm, for the sum of £169 93. 9d. This expenditure 
was included in the estimate of £2,100 for apparatus and other 
necessary incidental expenses approved by the council on 3rd 
December last. 

It was reported that Mr. J. Somers, who on 18th February last 
was appointed, at a salary of £2 a week to act as caretaker at the 
testing station, and to assist the inspector, has resigned: his ap- 
pointment. The committee have appointed a person, temporarily, 
to take charge of the premises until the end of the year; and will 
in due course submit to the council the name of a person for ap- 
pointment as successor to Mr. Somers. 

The council, on the 22nd of April last, authorised the continued 
employment in the engineer’s department, until the first meeting 
after the recess, of a person, at a salary of £3 33. a week, who has 
been since 25th February last assisting with the work connected 
with the business of which the committee has charge. The time 
referred to has now elapsed; but the engineer reports that the 
assistance is still necessary, in consequence of the large extent of 
the works being carried out in the public thoroughfares by the 
electric lighting companies, and of the extra work devolving upon 
the department in connection with the establishment of the elec- 
tric testing station. The engineer also states that in order to cope 
with the work arising out of applications of tramway companies 
for sanction to the use of mechanical power, and also for the pur- 
pose of obtaining information and preparing a reliable plan of the 
existing tramways in London, in connection with the report on 
the subject prepared by the vice-chairman of the committee, he 
requires the assistance of a competent surveyor for a period of 
three months. They recommended “ That the services of the 
temporary assistant now employed at a salary of £3 33. a week in 
the engineer’s department, be retained for a further perivd of 
three mcnths, and that a competent surveyor be employed for the 
same period, at a salary not exceeding £4 4s. a week.” 

The committee have considered a notice, dated 18th August, 
1890, from the Metropolitan Electric Supply Company, of 
intention to lay mains in Queen’s Road and Gardens, Picker- 
ing Place and Terrace,: Bishop’s Road, Inverness Road, Place, 
and Terrace, Porchester Gardens, Terrace, and Place, Lower 
Porchester Street, (Queensborough ‘Terrace, James. Street 
West, Gloucester Gardens, Square, Place, and ‘l'errace, Leinster 
Street, Terrace, and Gardens, Craven Road, Hill, and ‘Terrace, 
Craven Hill Gardens, Cleveland Square and Gardens, Westbourne 
Terrace, Crescent, and Street, Uxbridge Road, Upper Hyde Park 
Gardens and Street, Kensington Gardens Terrace, Sussex Ter- 
race, Square, Place, aud (Gardens, Eastbourne Terrace, Spring 
Street, London Street, Stanley Street, Talbot Square and Street, 
Grand Junction Road, Cambridge Terrace, Street and Square, 
Norfolk Square and Crescent, Oxford Square and Terrace, Radnor 
Place, Somer’s Place, Southwick Crescent, Street, and Place, 
Upper Southwick Street, Hyde Park Street, Square, and Gardens, 
Albion Street, Connaught Square, Portsea Place, Edgware Road, 
Albion Place, Upper Berkeley Place, Upper Seymour Street 
West, Stanhope Street and Place, Lancaster Gate, Street, and 
Terrace, Star Street, Charles Street, Charles Street West, 
Bathurst Street, Chester Plave, Clarendon Place, Clifton Place, 
Devonshire Terrace, and Devonport Street (2 plans). This notice 
is in respect of an extensive area, but the proposed works are of 
the same description as those of the same company which have been 
sanctioned by the council on previous notices; and recommend : 
“That the sanction of the council be given to the works referred 
to in the notice (Registered No. 103) of the Metropolitan Electric 
Supply Company, dated 18th August, 1890, upon condition that 
the company give two days’ notice to the council’s engineer 
before commencing the works in any of the thoroughfares specified 
in the notice; that the mains be enclosed in 5-inch iron pipe, and 
be laid under the footways wherever it is found practicable to do 
so; that the covers of the boxes to be used shall consist of iron 
frames filled in with material to suit the paving; and that the 
works generally shall be of the description approved by the 
council on Ist October, 1889.” sie ital 

The following n»tices from the Notting Hill Electric Lighting 
Company were considered :— ee : 

August 20th, 1890, of intention to lay mains in Campden Hill 
Road; and to reduce the size of the culvert for the main in 
Campden Hill Gardens, already sanctioned by the council 
(1 plan). ors 5 

23rd August, 1890, of intention to lay mains in Linden Gardens 
(1 plan). ; , 

eth Seabee: 1890, of intention to lay’ ipes crossing High 
street, Notting Hill, Pembridge Gardens, Linden Grove and Daw- 
son Place (1 plan). 

22nd September, 1890, of intention to lay mains across Holland 
Park and Aubrey Road (1 plan). 
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24th mber, 1890, of intention to lay a main on the east side 
of. Pembridge Gardens (1 plan). 

The proposed reduction in the size of the culvert in Campden 
Hill Gardens will be an advantage, inasmuch as the culvert will 
take up less space in the street ; and the other works referred to 
in the notices are of the same character as those previously 
sanctioned by the council. The committee recommend: “That 
the sanction of the council be given to the works referred to in the 
notices (Registered Nos. 104, 105, 106, 107 and 108), dated 20th 
and 23rd August, and 5th, 22ad, and 24th September, 1890, respec- 
tively, of the Notting Hill Electric Lighting Company, upon con- 
dition that the company do give two days’ notice to the council’s 
engineer before commencing the work in any of the thoroughfares 
specified in the notices; that the cover stones of the culverts 
under 20 inches wide shall be not less than 2 inches thick, and of 
the wider culverts not less than 2} inches ; and that where the 

_ calverts cross the carriage-way, there shall be at least 9 inches 
thickness of Portland cement concrete above the cover-stones of 
the culvert, in addition to the road material.” 

The London Electric Supply Corporation has given a notice, 

- dated 2nd ber, 1890, of intention to lay trunk mains from 
Victoria Station (District Railway) across Buckingham Palace 
Road, and along Grosvenor Gardens to Ebury Street. The com- 
pany has submitted a plan, which, in the opinion of the committee, 
is satisfactory, showing the manner in which the mains are to be 
protected from external injury ; and there appears to be no objec- 
tion to the ay Seer works, provided that the distributing mains 
for this route, for which notice has been given by the company 
(Registered No. 111), be laid, if possible, at the same time as the 
trunk mains. It was therefore recommended : ‘“ That the sanction 
of the council be given to the works referred to in the notice, 
dated 2nd September, 1890, of the London Electric Supply Corpo- 
ration, upon condition that the company do give two days’ notice 
to the council’s engineer before commencing the works ; that the 
mains be laid under the footways, and be kept two feet below the 
underside of the paving, wherever it is found practicable to do so ; 
and that, if possible, the distributing mains for these thorough- 
fares be laid at the same time as the trunk mains.” 

The same company has also given the two notices under- 
mentioned :— 

2nd September, 1890, of intention to lay distributing mains in 
Buckingham Palace Koad, James Street, Little James Street, 
Buckingham Row, York Street, and Queen Anne’s Gate. 

3rd September, 1890, of intention to lay distributing mains in 
Knightsbridge Road, Wilton Place, Crescent and Road, Belgrave 
Square and Road, Upper and Lower Belgrave Streets, Hobart 
Place, Arabella Row, Grosvenor Place, Crescent and Gardens, 

. Eaton Square and Place, Chesham Place, Lyall Street, Elizabeth 
Street, Chester Square, Eccleston Square and Street, Upper 
Eccleston Street, Ebury Street, Buckingham Palace Road, Eaton 

Lane North, St. George’s Square and Warwick Square, 

The committee, seeing no objection to the proposed works, re- 
commend: ‘‘ That the sanction of the council be given to the 
works referred to in the notices respectively, upon condition that 
the company do give two days’ notice to the council’s engineer 
before commencing the works in any of the thoroughfares specified 
in the notices ; that the mains be laid under the footways, and be 
kept 9 inches below the underside of the pavement wherever it is 
found practicable to do so; and that were the mains cross carriage 
ways, they be kept at the same depth below the concrete or the 
road material, as the case may be.” 

The following notices of the Kensington and Knightsbridge 
Electric Lighting Company have also been considered : 

3rd a erg 1890, of intended extension in Montpelier 
rrp utland Gate, Cornwall Gardens, and Victoria Road 
(4 8). 

September 17:h, 1890, of intended extensions in Young Street, 
and Exhibition Road (2 plans). 

September 20th, 1890, of proposed extension in Queen’s Gate 
Terrace (1 plan). 

Pye haga of proposed extension in Cromwell Place 

plan). 

The works referred to in these notices are of the usual character, 
and it is recommended that the sanction of the council be given 
to the works referred to in the notices. 

Notice dated September 4th, 1890, from the Chelsea Elec- 
tricity Supply Company of intention to lay distributing 
mains in Bute Street, Sumner Place, Fulham Road, Alex- 
ander Square, Old Brompton Road, Onslow Square and 
Crescent, Pelham Street, Place, and Crescent, Thurloe Square, 
Alfred Place, Fast, South Street, Harrington Road, and road over 
Metropolitan Railway between Pelham Street and T'hurloe Square 
(1 plan). The company states that the works will be carried out 
in the same manner as those previously approved by the council, 
but that it is not yet able to fix definitely the positions in which 
the various boxes are to be placed, received the sanction of the 
council on condition that a plan showing the positions to be occu- 
pied by the boxes, when decided upon, shall be submitted to the 
committee, and that the company do give two days’ notice to the 
council’s engineer before the works are commenced in any of the 
thoroughfares referred to in the notice. 

The Westminster Electric Supply Corporation has given a 
notice, dated September 22nd, 1890, of intention to lay mains in 
Artillery Row, Old Rochester Row, Rochester Row, Great Peter 
Street, Vincent Square, and Churton Street. These works are 
such as have been approved by the council on former notices; but 
some of them will be in close proximity to the King’s Scholar’s 
Pond sewer, and the committee are of opinion that these should 


be executed to the satisfaction of the council’s engineer. The 
committee recommend : “ That the sanction of the council be given 
to the works referred to in the notice on condition that the com- 
pany do give two days’ notice to the council’s engineer before com- 
menzing the work; that the mains be laid under the footways 
wherever it is fouind practicable to do so; that the covers of the 
boxes to be used shall consist of iron frames, filled in with material 


. to suit the paving; and that the works in the vicinity of the 


King’s Scholar’s Pond sewer be carried out to the satisfaction of 
the council’s engineer.” 

The committee have considered a notice, dated August 27th, 
1890, from Mr. H. Chadwick, on behalf of the Electricity Supply 
Corporation and Messrs. Gatti, of their intention to lay an electric 
cable along the Strand and Bedford Street. They were informed 
that the company has acquired, or is about to acquire, the right 
of lighting under the St. Martin's provisional order, 1889, and also 
the existing works of Messrs. Gatti, but that it is not clear that 
the necessary consents to such acquisition had yet been given. 
The committee have directed that further information be asked 
for ; and pending the receipt of this, and having regard to the 
uncertainty as to the powers of the company, recommend: “ That 
the council do give formal notice of disapproval of the works re- 
ferred to in the notice (Registered No. 118), dated August 27th, 
1890, of Mr. H. Chadwick, on behalf of the Electricity Supply 
Corporation and Messrs. Gatti.” 

The committee have, in accordance with the reference made to 
them by the council on 8th of July last, considered the following pro- 
position by Mr. Leon: That inasmuch as many railway and other 
companies purpose making subways under “ streets” in the County 
of London without paying compensation for such right of user, and 
whereas they will appropriate that property in the “ streets” which 
is vested in the local authorities, and which may be uired for 
the pu of doing those things which commonly are done in or 
uader the streets (such as subways and other works), the council 
resolves to recommend the local authorities not to consent to such 
user of the streets without compensation, and to petition Parlia- 
ment against such Bills. That the Parliamentary Committee be in- 
structed on all petitions of the council against Subway Railway Bills, 
to maintain the principle of compensation for such user, oe assist 
as far as practicable any petitions presented by local authorities for 
that purpose. While agreeing with the principle of Mr. Leon’s 
proposition, they were of opinion that it would be inexpedient for the 
council to pass any abstract resolution binding it to petition in a 
particular form in all cases, while the circumstances may be of 
infinite variety. When application is made to Parliament for com- 
pulsory powers to deal with the streets, the consent of the local 
authorities is not requisite if Parliament sees fit to grant the 
powers sought, but such bodies may, of course, oppose the granting 
of such powers. It was finally decided: ‘ That it be an instruc- 
tion to the Parliamentary Committee that, with reference to any 
railway or subway Bill for compulsory powers to carry out works 
under streets in the County of London, the committee do consider 
whether a petition should be a against such Bill with a 
view to secure the insertion of proper provisions for payment of 
compensation to the public bodies in which such streets are vested, 
in respect of the beneficial user of the subsoil of such streets by 
the railway or other company or persons so using the same.” 








REVIEWS. 





Screw Threads and Methods of producing them ; with 
numerous Tables and complete directions for using 
Screw-Cutting Lathes. By PauL HASLuUCK. Third 
edition, rewritten and enlarged. London: Crosby, 
Lockwood & Son. 


We are not surprised at the success which has 
attended this pocket-book, as it is extremely complete 
and concise. The work consists of seven chapters, 
dealing respectively with “Introductory Observations 
and Definitions,” ‘ Varions Standard Screw Threads,” 
* Plates, Die Stocks and Dies,” “ Screw-Catting or Self- 
Acting’ Lathe,” Complex Rates and Hand Chasing,” 
“Taps and Tap Making,” “Tables of Screw Threads,” 
&c. The importance of the subject of screw threads 
does not require enforcing, as it is almost self-evident ; 
bat how to practically deal with the question requires 
to be plainly set forth, as there are numerous points 
which have to be considered in order that the threads 
may be properly and easily formed. Examine under 
a magnifying glass the threads of screws cut by in- 
differently formed taps and dies, and the sight is not 
an attractive one, yet it is by no means difficult to so 
shape the taps and dies that the threads they cut are a 
pleasure to see. Anyone who carefully studies Mr. 
Hasluck’s book shall have no difficulty in execating 
good work. As regards: hardening and tempering; for 
example, we have the following precise instructions :— 
‘“‘Get plenty of water, such as a bucketful, add a hand- 
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ful of salt, and heat the taps one at a time in a clear 
fire till they are well red hot, but don’t allow any of 
them to get hot enough to blister. When at the right 
heat stir round the water so as to make a small 
whirlpool in the bucket ; take the tap and plunge it per- 
pendicularly, threaded end first; quickly but steadily, 
into the centre of the whirlpool. If this is done care- 
fully there will be little fear of the taps going out of 
shape, if they have been thoroughly annealed at least 
twice,” &c. : 





Journal of the Institution of Electrical Engineers. 
No. 89, Vol. XIX. London: E. & F. N. Spon, 125, 
Strand. 


The general contents of this number are as follows :— 
“On some chief features of the Edinburgh Exhibition, 
and mainly of the Electrical Section,” by Prof. R. M. 
Walmsley ; “Observations on Currents originating in 
ordinary Aerial Telegraph Conductors,” by A. R. 
Bennett; “The Working Efficiency of Secondary 
Cells,” by Prof. W. E. Ayrton ; “ On some Experiments 
in Radiometry,” by A. R. Bennett ; reply of Mr. K. L. 
Murray to the discussion on his paper “ On the Lighting 
of the Centennial International Exhibition, Melbourne, 
1888-89 ;” “A proposed system of Alarm Wires in 
Submarine Cables,” by H. Kingsford. 





Water Purification for Manufacturers and Steam 
Users. By SAWREY and COLLET. 


. This isa small book issued by the Stanhope Com- 
pany, Limited, of patent telephone and water softener 
fame. The work is a very useful one, and of consider- 
able value to those who have to deal with steam boilers, 
as the loss through scaling in the latter is often ex- 
tremely heavy, being as much as 25 per cent. increase 
in the quantity of coal used when the scale is jth inch 
thick ; this means about 22 pence extra per 1,000 
gallons of water evaporated. 








ELECTRIC TRAMCAR SYNDICATE, 
LIMITED. 





ON the afternoons of Tuesday and Thursday of this 
week, the Electric Tramcar Syndicate, Limited, who 
are working the Jarman patents, were enabled to run 
one of their new cars on the section of tram line between 
Clapham Common and Tooting. The London Tram- 
ways Company kindly gave the syndicate permission 
to use their line ; but as the trips made by the electric 
car were sandwiched between those of the horse cars, 
apparently with a minimum of interruption to or inter- 
ference with the ordinary traffic, and as each run was 
accomplished without a hitch or contretemps of any 
kind, we shall look forward to a time in the near future 
when these electrically-driven cars will take their 
regular place in the daily service between the above 
suburban districts. The road is well adapted for a 
tram line, being sufficiently wide for a double set of 
rails, with room on each side to allow carriages con- 
veniently to pass. The gradients, for the most part, 
are not heavy, with the exception of a rise of 1 in 18 
for a short distance, coming from Balham towards 
Clapham Common. The length of the line from the 
“Plough,” High Street, Clapham, to the terminus at 
Tooting, is about two miles and a furlong. 

In our issue of May 30th, 1890, we gave a full 
description of the car in an article entitled, “The 
Jarman System of Electric Traction.” It will, there- 
fore, suffice to briefly state that the car is of a similar 
pattern outwardly to the new two-horse tramcars, pro- 
viding accommodation for 44 passengers, the outside 
being fitted with garden seats. The motor is double, 
the two armatures being carried on one spindle. The 
field magnets are wound on the “gamut” plan, to 


facilitate the regulation of the motor and the con- 
sumption of power in proportion to the work to be 
done. The gearing consists of a single set of mortise 
wheels and pinions ; the mortise wheels are of special 
construction, with vulcanised fibre teeth. The reduc- 
tion in speed from the normal 650 revolutions per 
minute by the motor axle to 90 by the car wheels, pro- 
vides for the propulsion of the car at the rate of 
between 7 and 8 miles per hour. This speed can be 
increased, when necessary, by using the fall power of 
the motors in parallel to a maximum of about 16 miles 
per hour on the level. The motor and gearing are fixed 
to a steel frame attached to the axle boxes. 

The driving arrangement is contained in a vertical 
case, enclosing a cylindrical commutator switch. By 
means of this switch all the manipulations requisite in 
working the car, whether for varying the speed, cutting 
off the current, or reversing the motor, are performed by 
turning one handle. Mr. Jarman has made a decided 
improvement by altering the position of the brake 
spindle, and placing it close alongside of the electrical 
switch ; the brake handle is on a somewhat higher 
level than the driving one, to avoid the chance of any 
interference one with the other. The driver thus 
having both just under his hands should, certainly, 
deriye some advantage in controlling the working of 
his car. 

The battery of E.P.S. accumulators supplying the 
current to the motor consists of 52 double cells of the 
E type—19 plates in each cell—the whole coupled in 
series. The capacity of the cell is 140 ampére hours. 

To enable the car to turn sharp curves, one of the 
wheels on the trailing axle is loose ; this farnishes end 
play enough to allow the wheel base to accommodate 
itself to the different degrees of curvature to be found 
in the track usually laid down in this country. 

The car which made the runs to Tooting was fitted 
with an ampéremeter and a Patterson and Cooper dead- 
beat magnet voltmeter, consequently we were able to 
take down a few readings to show the amount of elec- 
trical energy consumed during the journey. Of course, 
nothing more is shown than what may be termed the 
maxima and minima of consumption. The ground 
undulates, and some stretches on the road are worked 
by gravity alone ; this applies in whichever direction 
the car is running. 

The electric tramcar, with a full load of passengers, 
started from Clapham at 2.20 on Tuesday afternoon. 
The grade from thence is a gentle rise until the brow 
of the hill is reached above the down grade of 1 in 18 ; 
this steep declivity is of no great length, while the 
remainder of the distance to the fire station at Tooting 
is comparatively smooth, and only slightly variable. 
The journey was completed in 16 minutes; on the 
return, the time —including a wait to permit a horse- 
car to get a clear lead—was 19 minutes to Clapham. 
The second in and out journeys were accomplished in 
18 and 16 minutes, respectively. 

We append the actual time taken in running between 
certain landmarks on the road both going and returning. 
These figures exhibit what will prove to be the average 
time in which a distance of a little over 2 miles will be 
covered in everyday work where the general traffic may 
cause occasional delay. 
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We understand that the officials of the Board of 
Trade are well satisfied with the working of’ the car,’ 
and the Jarman system generally. ‘We also hear that 
the Electric Tramcar Syndicate has been réquested by 
an influential firm in Spain to give it the option of 
introducing the system into that country. rs 








NOTES. 





The Electric Light at Folkestone.—After all the time 
and labour which the Folkestone Town Council have 
spent upon the question of lighting the town by elec- 
tricity, the contract between them and Messrs. Cromp- 
ton and Co. has been completely upset. It was stated 
at the last meeting of the corporation that the nego- 
tiations with Messrs. Crompton had cost something like 
£200, and it was strongly urged that the corporation 
should bring an action against the contractors to recover 
the money. The mayor was asked by Councillor 
Thompson to call a special meeting of the Electric 
Lighting Committee together in order that they might 
consider the advisability of taking proceedings, and 
the mayor promised to call it together at an early date. 
There can be no doubt that Messrs. Crompton & Co. 
will be very willing to contest the matter in a court of 
law ; for after the treatment they received from the 
Folkestone corporation, they must be armed with every 
reason for their reluctance in carrying out their con- 
tract. 





The Electric Light at Exeter.—At a meeting of the 
Town Council of Exeter, the special committee on 
Electric Lighting reported that they had received a 
letter from Mr. C. T. K. Roberts (solicitor to the Exeter 
Electric Light Company) enclosing two copies of the 
draft of the provisional order which the company in- 
tended applying for in the ensuing session. The 
draft was stated to be based on model order issued by 
the Board of Trade, and contained the latest modifica- 
tions of such order. The committee, after considering 
the draft, were of opinion that the council should, in 
the interests of the citizens; itself apply for a provi- 
sional order to be confirmed by Parliament in the 
ensuing session for the supply of electricity within the 
city, and that the consent of the council should not be 
given to such an order being given to the Exeter Elec- 
tric Light Company. After, objection had been taken 
that the procedure suggested might involve an expen- 
diture on the part of the council of possibly £30,000, it 
was decided to hold a special meeting to consider the 
matter. 





The Electric Light in Godalming.—The Electric 
Lighting Commission, after visiting Bath, have reported 
favourably on the employment of electric light. It 
is intended to canvass the town to see if the majority 
of the inhabitants will support a scheme. 


Castleford and Street Lighting.—The Local Board is 
asking i. estimates for the lighting of the streets by 
city. 





ELECTRICAL REVIEW. 


Ship: Lighting.—The “ Royal Steamship Packet Com- 
pany” have just added to their fleet-three or four large 
steamers, well eqnipped: with electric lighting: plant. 
The Clyde, the largest of: the four, has) an installation 
fitted by-Siemens:Brothers.’. The ship ia wired .on the 
single wire, system, the ship giving the: return. The 
dynamo is placed in the: engine-room, and. is driven 
by one -of. Langye’s ‘vertical: engines, coupled direct. 
At 200 revolutions the: dynamos give an electro- 
motive force of 115 volts with 220 ampéres; and 
is sufficient to run 354 lights of 16 candle-power. 
There is a spare “armature provided in case of break- 
down. * There are six: main cireuits;‘and thronghout the 
ship are ‘placed 36 ten-light distributing boxés. The 
principal advantage of the arrangement is that there 
are. no joints in the system. From the one switch in 
the box the lights are controlled, and it is an easy matter 
to ascertain the position of any defect. Some of the 
lights are arranged to run independently of the switch, 
providing a night or police circuit. The rooms are all 
fitted with Edison-Swan lamps with frosted globes, and 
there are several cargo lamps of 4, 6, and 8 lights. 

The ss. Aranmore, built for the Clyde Shipping 
Company, and intended for the South of England and 
South of Ireland trade, ran her trial trip on the Clyde 
on Saturday. The Aranmore has a complete instal- 
lation of electric light in every: part: 





Something Wrong.—The Standard, on Tuesday, had 
a notice to the following effect :—“ Owing to the inter- 
ruption of telegraphic communication, we are this 
morning without a portion of our despatches from the 
Continent.” Can it be that the Ferranti mains had 
anything to do with this interruption in the tele- 
graphic service ? 





Magdalen Islands Cables,— We learn from the 
Canadian Gazette that the cable laid in 1880 between 
Cape Breton and Bird Rock, Gulf of St. Lawrence, is 
to be taken up and relaid to St. Paul’s Islands. It isa 
coincidence that at the moment the cable is to be 
removed the daily journals should be discussing the 
sale of the Magdalen Islands to certain French 
capitalists. 





The Anticosti Cable.—The Anticosti cable, just laid 
by Mr. Gisborne, commences..at Mechestic Bay, Anti- 
costi, and terminates at. Tongae Pointe, on the north 
shore. The land lines to connect the cable with the 
existing telegraph system are being, pushed . forward, 
and, when completed, Anticosti will have cable com- 
munication with both shores of the gulf, and a land 
line round thé south shore of the island, which has the 
reputation of being the graveyard, of vessels, The 
cable referred to is 21 nautical milés iri length, and was 
manufactured by the Silvertown Company. The lay- 
ing was effected ‘by the Government telegraph steamer 
Ne ewfield, © , ; oe : 





The Bahamas,—lIn view of the success attending the 
more recent development of the fibre industry in the 
Bahamas, endeavours are being made to establish 
direct steam communication between Halifax and 
Nassau, and to subsidise steamers making the latter a 
port of call on the West Indian route. Steps are also 
being taken with the view of affording telegraphic 
facilities to the Bahamas by means of a cable between 
Nassau and Florida. 





Motors in Germany,—The use of electro-motors in 
Germany is extending. Messrs. Ludwig; Liwe & Co., 
of Berlin, obtain current from the town electric light 
company’s mains for driving the tools and machines in 
their workshops. The large steel works of Henkel, in 
Solingen, have an -installation in which Lahmeyer 
dynamos and motors are employed. The whole of the 
works is lighted electrically, and the motors actuate 40 
steel presses, lathes, and drilling machines. It is pro- 
posed to operate all the machinery by motors. 
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Base-Ball Reporting.—Reporters of cricket, football, 
tennis, &c., matches, must look to their electrical educa- 
tion, or the sporting journals they represent will be out 
of the hunt when compared with the enterprise and 
linguistic attainments shown by contributors to the 
technical Press. We select, as an example, a descrip- 
tion of a base-ball match as reported in the columns of 
the New York Electrical Engineer :—“ An exciting 
contest took place at Jackson Park, on Saturday last, 
between the Okonites and Kerites teams, composed, 
respectively, of the employés of the Central Electric 
Company and the Western Electric Company. The 
score was 21 to 6 in favour of the Kerites, and through- 
out the game their megohm capacity was never lowered 
in the slightest. The victors claim that their success 
was entirely due to the high insulation resistance they 
maintained. They short-circuited the bases in remark- 
able style, and no faults appeared, even under the high 
pressure current of the Okonites. The Okonites made 
a gallant struggle, but were unsuccessful in their 
endeavours to ground their opponents. The specific 
inductive capacity of both sides for hits of high voltage 
was enormous, and some fine work was witnessed by 
the numerous spectators, who said they had never seen 
a game so free from unnecessary retardation.” 


The Advance in Rubber.—The Gutta-Percha and 
Rubber Manufacturing Association of New York, at a 
meeting lately held, confirmed the advance of 10 per 
cent. on rubber goods made at the previous meeting. 
Prices of crude rubber had advanced 5 per cent., and 
some kinds were very scarce. The output from Brazil 
was as large this year as formerly, but the demand, both 
in the States and Europe, had increased enormously. 
It was announced that there would not be any further 
rise in the price of manufactured rubber for at Jeast a 
montb. 


Remedy for Vibration.—It is said that felt made 
from hair, placed in the foundations of engines, effec- 
tively remedies the noise and vibration so often a cause 
of complaint. An electric company recently removed 
one of its 90 H.P. engines from its foundations, which 
were taken up to the depth of 4 feet. A layer of hair- 
felt, to the thickness of 5 inches, was then laid down, 
and run up round the sides to the height of 2 feet. The 
brickwork was then built up on the top of this. 











New Insulating Materials. — Messrs. Alexander, 
Barney and Chapin, of New York, have introduced a 
new insulating material called “alexite.” It can be 
made into any shape, and has the qualities necessary 
for cut-outs, switches, &c., being water, fire, and acid 
proof. Any colour of wood, paper, or marble can be 
closely imitated, so that, for interior wiring, harmony 
with the general upholstery can be maintained. 

We have noticed in American technical journals very 
favourable reports as to the qualities of “ fibrone” as 
an insulating material. It is a solid and plastic sub- 
stance, said to present many of the most desirable 
characteristics of rubber. It is stated to be a perfect 
non-conductor, to be absolutely waterproof, and able to 
resist the weaker acids. It can be sawn, planed, drilled, 
tapped, or turned in a lathe, can be given delicate and 
bright colours, and can be made to represent natural 
woods, marble, stone, and metals: Under ordinary 
temperatures it does not expand or contract, blister, 
flake, or crack, and it is asserted that it can be made 


absolutely fire-proof. It is said that its cost is exceed- . 


ingly low. 





Church Service by Telephone,—As mentioned in our 
Jast issue, Christ Church, Birmingham, was to be con- 
nected by telephone. The experiment proved to be a 
distinct success, the service being well heard in London, 
Manchester, Derby, and other places. A local paper 
says when the morning service began there was what 
appeared to be an unseemly clamour to hear the ser- 
vice, and the opening prayer was interrupted on the 
wires by irreverent cries of “Hallothere.” “Are you 
there.” “No, I don’t want the church.” 


Laying a Telephone Cable.—The New York LZlec- 
trical Engineer of September 17th, contains an article 
on the laying of a telephone cable across the Hudson 
River. It appears that the Western Union Tele- 
graph Company maintains an especially equipped 
cable steamer for the purpose of laying and repair- 
ing the numerous cables crossing the North River. 
This boat is called the Western Union, has much 
the appearance of a river tug, and is about 50 
feet in length by 14 feet beam, and is provided with 
twin propellers. She has been in commission from 
January last, and was built to replace the old Orion, a 
vessel which had a long career of usefulness. On the 
main deck forward of the pilot house is the cable drum, 
set vertically, the lower side bearing on a number of 
small rollers fixed to the deck. Round the edge of the 
lower side of the drum is a brake strap to regulate the 
speed. The wheel for operating the brake, and a 
sliding rod by which the valve of the drum engine is 
opened or closed are placed on the bridge forward of 
the pilot house. A small iron pulley is attached to the 
end of a boom which can be swung out so that the pulley 
hangs clear of the vessel’s side by about 8 or 10 feet. 
This pulley serves as a paying out or picking up sheave. 
A small steam winch forward of the drum completes 
the outfit. This arrangement would appear to serve 
very well for paying out, but for picking up we should 
imagine it to be a rather awkward method. The cable 
referred to was made for the Metropolitan Telephone 
Company, it contains 18 conductors and is of the 
Kerite type ; the length laid was about one mile, and 
the weight nearly 20 tons. 





Creeping on Cells.—M. Girard has suggested a 
simple process for preventing the creeping of salts, 
which weakens and destroys a cell. The idea is to 
apply with a brush a light coating of vaseline over the 
surfaces which require protection. Vaseline is un- 
changeable in air, is easily applied, and resists the 
action of a great number of chemical agents. An ob- 
jection, we think, to the employment of this material 
lies in its stickiness—dust and all kinds of dirt being 
liable to adhere, A very ready method is the employ- 
ment of melted wax ; it has the advantage of present- 
ing a smooth and hard surface. 





Telephony in Italy.—Acting Consul F. T. Turner, of 
Naples, states that the number of subscribers to the 
telephone in that locality has not changed during the 
past two years, new subscribers having taken the place 
of those retiring. .He believes it probable that the 
public are waiting before joining, in the expectancy 
that the Government. will acquire the telephone ser- 
vice. 





Electric Bath Chair.—The Vaughan-Sherrin Elec- 
trical Engineering Company, to which reference is 
made in another column, gave another demonstration 
this week at their works of the applicability of primary 
battery power to the propulsion of Bath chairs. A 
strong chair, weighing about 2 cwt., fitted with a bat- 
tery at the back of the seat, went through some adjacent 
streets at a rate of about 5 miles an hour, and 
over a canal bridge with very little reduction of speed. 
As it is calculated that the cost of maintenance of the 
battery does not exceed 2d. per hour, and as no renewal 
would be required during an ordinary day’s use, the 
application of electric propulsion to the Bath chair 
may prove both an improvement and an economy, if 
the claims put forward can be sustained. 





Treating Sewage by Electricity.—In answer to the 
questions of a correspondent, we beg to refer him to the 
number of the ELECTRICAL REVIEW for October 11th, 
1889. 





Electric Bells for Jamaica,—Messrs. Cox & Co, have 
just completed a large installation of electric bells for 
the Constant Spring Hotel, Jamaica, including two of 
their improved electric reversing annunciators of 75 
numbers each, 
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Gatta-percha,—At the meeting of the Paris Academy 
of Sciences, on September 15th, M. Serullas read a 
paper on the Jsonandra Gutia. The author gives an 
account of this plant, both as to its discovery and as to 
the growth of certain varieties. Some interesting in- 
formation with regard to the employment of gutta- 
percha for industrial and commercial purposes is also 
given. 





Personal.—Mr. A. Grundy has retired from the firm 
of Baily and Grundy, of Paddington and Cambridge, 
and joined the staff of the Giilcher Electric Light and 
Power Company, Limited. } 





Newcastle-upon-Tyne Electric Supply Company.— 
The offices of this company are removed to the works 
at Pandon Dene, Newcastle. 





Telephonic,—An important test of the capabilities of 
the Berthon telephone to work on telegraph wires is 
about to be made on the railway telegraph wires between 
Perth and Inverness.. 





Electric Tramway.—Bailies Paton and M’Farlane, of 
Glasgow, accompanied by Mr. Rankine, engineer, are 
in Birmingham gathering information about the elec- 
tric tramways. 


Woodhouse and Rawson v. Appleton, Burbey, and 
Williamson,—This cricket match was played at Brent- 
wood, Essex, on Saturday last, and, after an enjoyable 
game, ended in an easy win for the former by nearly 
300 runs. 


A Telegraph Superintendent Killed,—William York, 
an employé of the Midland Railway, in charge of the 
telegraph extensions, met with a fearful death last 
week at Thwaites, a village near Bradford. He was 
engaged supervising the workmen under his control, 
and, not noticing the advance of the 10.30 express 
from Leeds, stepped on the line in front of it. His 
body was cut into two pieces in the sight of his work- 
men. 








New Electrical Journal.—To-morrow there is to be 
started a penny weekly paper, entitled, Hlectricity. The 
editor is Dr. Julius Maier, and the publishers Messrs. 
Swan, Sonnenchein & Co. 





Seasonable Caution.—Zlectrical Plant wonders when 
young and aspiring electricians, at the beginning or 
early period of their experience as masters, will learn 
that the manufacture of dynamos is nof the certain road 
to fortune. Reckoning up the present number of 
dynamo manufacturers, our contemporary concludes 
that the capacity for supply greatly exceeds the demand, 
and advises young electricians to eschew any attempts 
to add to the number already in the market. 





“ Martin’ Wires.—The Telegraph Administrations 
of Greece, Sweden and Switzerland have, following the 
lead of France, adopted the bi-metallic “ Martin” wires 
for their telegraph and telephone systems. 





Electricity in Australia,—The Australian papers by 
the last mail say that it is intended to place the electric 
light in the New South Wales Parliament. Previously 
gas has been used, but numerous has been the com- 
plaints against the heat, so it is resolved to adopt elec- 
tricity. An interesting exhibition was given in the 
central station of the electric -light company in Mel- 
bourne some nightsago. At the invitation of the engi- 
neer, prominent citizens had gathered to witness, as far 
as Australia is concerned, a new departure made by 
electricity. It was nothing more than making a cook- 
shop of the station. By a method which was not com- 


-municated, beef steaks were well cooked, toast was 


made, water boiled, and most of the culinary arts re- 
ceived attention. 


Baller, Jobson & Co., Limited.—This company has 
acquired a site for extensive new works at Cheston 
Road, Birmingham. The company is to be recon- 


’ ‘structed with extended powers and the capital has been 


increased. The proprietary remains the same, but the 
name is to be changed to Bullers, Limited. 





The Madrid School of Mines.—It has been determined 
by the Official Inspectors of the Madrid School of 
Mines to devote a class for the instruction of pupils in 
electricity as applied to mining and metallurgy. There 
seems, however, to be some difficulty as to the appoint- 
ment of a thoroughly qualified professor in this par- 
ticular branch of electro-technics. 





Reduction in the Price of Tubes and Fittings,— 
Joseph Aird, Tabe Works, Great Bridge, Staffordshire, 
and 46, Queen Victoria Street, E.C., gives notice that he 
has increased his discounts 5 per cent. gross upon gas, 
steam, galvanised, and water tubes and fittings. 





NEW COMPANIES REGISTERED. 





Elmore’s Austro-Hungarian Patent Copper Deposit 
ing Company, Limited.—Capital £200,000, in £2 
shares. Objects: To carry out an agreement entered 
into with the Elmore Foreign and Colonial Depositing 
Company, Limited,and Woodhonse and Rawson United, 
Limited. To carry on in Austria, Hungary, and else- 
where the business of manufacturers of and dealers in 
copper and other metals, and all metallic alloys or com- 
pounds of the same. To supply electricity in all 
branches, and to carry on the business of electricians, 
electrical contractors, electrical and mechanical engi- 
neers. Signatories (with 1 share each) : G. Worrall, 29, 
Percy Road, Forest Gate; J. Mumford, 50, Trinity 
Square, Borough ; A. M. G. Carter, 40, Denning Road, 
Hampstead ; B. F. Howard, Beckenham ; H. Villars, 6, 
Penshurst Road, N.E.; A. W. Taylor, 53, Bloemfontein 
Avenue, Shepherd’s Bush ; and E. W. Clayton, South- 
fields, S.W. The signatories appoint the first directors, 
any shareholder being eligible ; remuneration £200 per 
annum each, with an additional £200 for the chairman 
and £100 for the vice-chairman, also 2} per cent. com- 
mission upon the net profits made from manufacturing 
and upon the revenue accruing from licensing or sub- 
licensing the company’s patents, and 1 per cent. upon 
the net profits made from sales of patents, licenses, or 
businesses. Registered 26th ult. by Ashurst, Morris 
and Co., 6, Old Jewry, E.C. 


Unsworth and Richmond, Limited.—Capital £20,000, 
in £10 shares. Objects: To take over the business of 
manufacturer of gas cooking and heating appliances 
carried on by Wm. Unsworth at Warrington. To carry 
on business as. gas, electrical, and general engineers. 
Signatories (with 1 share each): *Wm. Mortimer, 
*Wm. Unsworth, *L. Voisey, W. D. Jeans, all of War- 
rington ; E. Richmond, Laicester; Wm. Atkins, Mat- 
lock ; *E. W. T. Richmond, Southport. The signatories 
denoted by an asterisk are the firat directors ; qualifica- 
tion, 50 shares ; the company in general meeting will 
appoint remuneration. Registered 26th ult. by Field, 
Roscoe & Co., 36, Lincoln’s Inn Fields. 








OFFICIAL RETURNS OF ELECTRICAL 
COMPANIES. 





Buenos Ayres Electric Light Company, Limited.— 
The annual return of this company, made up to the 
14th Jane, 1889, was filed on the 20th ult. The nominal 
capital is £100,000, divided into 9,986 shares of £10 
each and 70 founders’ shares of £2 each. At the date 
of the return the founders’ shares had been allotted, 
but no call had been made in respect thereof. 

The return for the present year is made up to the 
14th June, 1890, and was filed on 20th September. 
The only shares recorded as taken up are the 70 founders’ 
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shares, upon which no amount has been called or paid, 
so that the company continues without an actual paid 
up capital. 

MacMahon’s Electric Automatic Registering Com- 
pany, Limited,—At a meeting of this company, held 
on the 18th of August, an account was given as to the 
way in which the winding up of the company has been 
conducted, and its property disposed of. The notifica- 
tion of such meeting was filed on the 23rd ult. 


Exeter Electric Light Company, Limited,—An agree- 
ment of 9:h September, filed 27th September, between 
this company and the Brush Electrical Engineering 
Company, Limited, cites, that the latter company had 
agreed to sell and deliver to the Exeter Company, 
certain machinery and articles, and would accept 
payment of one-third of the price by an allotment 
of shares to the amount of one-third of the price. 
in the ordinary share capital of this company. 
Machinery and articles to the value of £2,160 have 
been supplied, and, in accordance with such arrange- 
ment, 72 fully paid shares of £10 each will form part of 
the purchase consideration. 


Provincial Electric Light and. Power Supply 
Limited.—The registered office of this company is at 
Westminster Chambers, 5, Victoria Street, West- 
minster. 


Stamford Hill, Tottenham and Edmonton Electric 
Light and Power Supply, Limited.—The registered 
office of this company is at Westminster Chambers, 5, 
Victoria Street, S.W. 


Camberwell and Islington Electric Light and Power 
Supply, Limited.—The registered office of this com- 
pany is situate at Westminster Chambers, 5, Victoria 
Street, S.W. 


Devonshire Electric Light and Power Supply, 
Limited.—The registered office of this company is 
situate at Westminster Chambers, 5, Victoria Street, 


- Barry and Cardiff Electric Light and Power Supply, 
Limited,—The registered office of this company is 
situate at Westminster Chambers, 5, Victoria Street, 
Westminster. 

East Coast Electric Light and Power Supply, Limited. 
—The registered office is at Westminster Chambers, 5, 
Victoria Street, Westminster. 


Kidderminster Electric Light and Power Supply, 
Limited,—The registered office is situate at West- 
minster Chambers, 5, Victoria Street, Westminster. 


Maxim-Weston Electric Company, Limited (io 
Liquidation).—The registered office of this company is 
now situate at the Works, Boleyn Road, Kingsland 
Green, N.E. 








CITY NOTES, REPORTS, MEETINGS, &c. 





The Direct Spanish Telegraph Company, Limited. 


Sir James Anperson presided at the half-yearly meeting of 
shareholders held at Winchester House on Tuesday last, and, in 
presenting the directors’ rt inted in our last issue), and 
accounts for the half year, said: 'he shareholders would remem- 
ber that at the last meeting he spoke of the approaching Tele- 
graphic Conference as having some new terrors for the company, 
especially as regards its tariff of 44d. a word. The odd half-penny 
had in fact been taken away, and but for the good offices of the 
Post Office delegate, and the Spanish delegates, the company 
might have fared even worse. It seemed a small matter to cry 
over, but that half-penny with other small adjustments, repre- 
sented a sum of £3,500 a year. It required some confidence in 
order to feel sanguine that it would be recouped by an iucrease of 
traffic, still he thought that toa large extent it would be recouped. 
During the last three years the company’s traffic had been steadily 
increasing ; the commercial interests of Spain seemed to have 
taken a very promising start in the company’s interests. He 
spoke last year of the use of code language and the effect it had 
in reducing the tariffs of cable companies. Codes were so scientifi- 
cally that whole circulars could be telegraphed in one or 
two worde. He believed he spoke within bounds when he said 


that the average of every word of code language was nearly ten 
ordinary words. Indeed, he had known some to express 24 and 25 
words of plain language. That seemed at one time to threaten a 
reduction in the company’s revenue, and in the length of messages 
at the rate of one word per message per annum. This year, how- 
ever, he was happy to tell them there had been a slight increase 
in tke length of messages. He was sorry to say that the company’s 
managers would not let him attribute it to causes connected with 
the ordinary conditions of commerce. They attributed it to other 
causes which he would not dwell upon. For the last two years the 
company’s earnings had been at about the same level, and if the 
traffic continued to increase, and code language remained un- 
changed, it would get along fairly well. Last year the company 
made around £1,500 more money and carried one hundred and 
sixty thousand more words at a cost of £600 odd. This year it 
had carried two hundred thousand and odd words more, and had 
increased its revenue by £2,000 odd at a smaller outlay of £300 odd. 
Apparently it was on the right track. All its cables were in good 
order. On the other hand, they had to face the necessity for 
duplexing their cable at a costof nearly £800. For that and some 
other reasons he advised them not to make use of the money. With 
a 6 per cent. dividend and an increase in the commercial revenue, 
he thought the directors would not act prudently if they failed to 
keep before them the fact that the company had a debenture 
debt of £62,000, carrying interest at 6 per cent. It was not a 
sound position to be in, and therefore they ought to allow their 
directors to devote any surplus to wiping off this debenture deb‘ 
and duplexing their cable. They could then look forward to 1894, 
when the debentures fell due; and they might possibly be in a 
position to lay down an additional cable if the traffic continued t» 
increase. The £20,000 they had in reserve would not go very far 
towards the cost of a new cable. The directors were very anxiou; 
to have a sum in hand for contingencies without trenching upon 
the reserve fund. If in 1894 these conditions—a sound property 
and an increasing traffic, with a 6 per cent. dividend—continued, 
he anticipated no difficulty in finding money amongst themselves 
to pay off their debenture debt. By that time their reserve 
would be £40,000 or with the cash in hand £50,000 ; and they 
would be able to say with confidence that the Direct Spanish was 
one of the soundest telegraph investments in London. 

Mr. Etlinger seconded the motion which was carried unani 
mously. 

The Chairman also moved, seconded by Mr. Etlinger, the 
declaration of a dividend of 10 per cent. per annum, less income 
tax on the preference shares, and of 6 per cent. per annum on the 
ordinary shares, free of income tax, both for the half-year ending 
30th June, 1890. The motion was carried unanimously. 

An extraordinary meeting was then held and the following 
special resolution was unanimously passed :—‘‘ That Article 71 of 
the Articles of Association of the company be and is hereby 
repealed and instead thereof the following be a regulation of the 
company.” 

“ The directors shall receive as remuneration for their trouble 
in the execution of their office the sum of £600 per annum, or such 
other sum as the company in general meeting may from time to 
time determine, and such remuneration shall be apportioned by 
the directors among themselves in such manner as they shall 
from time to time think fit.” 

The proceedings then closed with a vote of thanks to the Chair- 
man and directors. 





Elmore’s Austro-Huagarian Patent Copper Deposit- 
ing Company, Limited.—The capital is £200,000, of which 75,000 
shares of £2 each are now offered for subscription at a premium 
of 103. per share, and 25,000 are accepted in part payment of the 
purchase money. This company has been formed to acquire the 
patents for the Empire of Austria-Hungary relating to the dis- 
vovery made by Messrs. Francis Edward Elmore and Alexande: 
Starley Elmore, for manufacturing copper articles direct from 
rough copper bars, with right to the Messrs. Elmore to use the 
said patents for certain special applications. The invention, it is 
claimed, does away with the processes of melting, rolling, forging, 
drawing &c., and the present costly and laborious methods of 
manufacturing. 


Anglo-American Telegraph Company, Limited,— 
The directors declare an interim dividend for the quarter ending 
30th September, 1890, of 153. per cent. on the ordinary stock, and 
£1 103. per cent. on the preferred stock, less income tax, payable 
on the lst November, to the stockholders registered on the books 
of the company on the 30th September, 1890. 


Eastern Telegraph Company, Limited,—The directors 


announce the usual 2s. 6d, interim dividend. 


Submarine Cables Trust.—The payment on the 15th 
inst. of the coupons due in April last is notified. 








TRAFFIC BECEIPTS 


The Brazilian Submarine Telegraph Company, Limited. The traffic receipts for 
the week ending September 26th, were £4,970, 

The Western and Braziliaa Telegraph Company, Limited. The receipts for the week 
ending September 26th, alter deducting the fifth of the gross receipts payab!e 
to the London Piatino-Brazilian Telegraph Company, Limited, were £5,809. 
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SHARE LIST OF ELECTRICAL COMPANIES. 
































Present 4 Stock or Closing Business done 
fsgued.’ ve Shere. 11 ¢ ber 35.) (Sewber 2). | Wctober 3, 1v00, 
j £ Highest. | Lowest. 
250,000 | African Direct Te h, a “+ c. Deb. ae Oe 100 98 —101 98 —101 101 1004 
1,549,160 “aaa T Limited. Stock 51 — 52 51 — 52 51 a 
2,725,420 Do..;, do. 6 6p. Ps Sraaes ha Stock 874— 884 874— 88} 883 873 
2,725,420 Do. do. iad Stock 144— 15} 143— 153 14 143 
130,000 | Brazilian Submarine ine Telegraph, Limited .. ign. sll 10 113— 12} 114— 12} 12 11 
99,000 Do. do. 5 p. c. Bonds... 100 100 —102 100 —102 
75,000 Do. do. 5 p. ¢. 2nd Series, repayable June, 1996 100 103 —107 103 —107 
63,416 | Brush ae Engineering a Nos. 1 to 63,416... ... 3 1i— 2 li— 2 
63,416 do. Preference, Nos. 1 to 63,416 as 2 1i— 13 1j— 2 
$7,216,000 Codemeneiad Cable, Capital Stock ... $100 108 —105 102 —104 xd! 1034 ove 
224,850 | Consolidated Telephone Construction and ‘Maintenance, Ltd. . 14/- Yo 6 — ¢ | | 
20,000 | Crompton & Co., ited, 7 p. c. Pref. Shares, i 1 to 20,000 Stock 53 54— 5¢ | 
16,000 | Cuba Telagreyh. Limited... 10 12 — 124 1lj— 125 | 13 
6,000 do. 10p. c, Preference 4 4 - as 4 — yf | 
if 12,931 | Direct Spanish bapa ag ae Limi ode #4 onl, id — _ 
6,000 10 p. c. Preference a ae 5 o~ & 9— 10 
60,710 | Direct Taited Sistas “Cable, Limited, 1877 Vhs 20 10g— 10§ 10g— 10§ 10,%, 10} 
,000 | Eastern Somer. Limited, Nos. 1 to 400,000 10 14 — 14} 14 — 14} 144 14 
70,000 6 p.c. Preference 10 15 — 15} 15 — 154 
200,000 De. 6p. c. Debs. (1879 issue), e), repay. Ang., 1899 100 106 —109 106 —109 
1,200,000 Do. 4p. c. Mortgage Deben Stock | 104 —107 104 —107 
250,000 | Eastern Extension, Australasia and China Telegraph, Limited 10 144— 143 145— 143 143 | 14} 
320,000 Do. 6 p. c. Debentures, repay. February, 1891... ; 100 100 —102 100 —102 
446,100 Do. — c. (Aus. Gov. Sub.), Deb., 1900, red. ann. drgs. 1¢c0 103 —106 101 —104 102} | 
12,500 Do. 5 p.c. Debentures, 1890, redeem. ann. drawings 100 103 —106 101 —104 
367,900 | Eastern and South African Tel., Ltd., 5 p. c. Mort. Deb., 1900... 100 | 102 —105 101 —104 
45,000 | Electric Construction, Limited, Nos. 101 to 45,100 as 0 | ..1—. 8 73-8} bre Weber 
19,900 | *Electricity Supply Co. of Spain, Nos. 101 to 20,000... 5 | 4— 5} 44— 5} | 
46,700 | Elmore’s Patent Copper iting, Ltd., Nos. 23,001 to 70,000 2 6 — 6} Gi OF" 62 53 
67,385 § Elmore’s Wire Manufacturing, Limited, Nos. 1 to 67,385 2 psrary d}— 93 1? 
4 issued at 1 pm. all paid (£14 paid) . . 6 | 
19,700 | Fowler-Waring Cables, Nos. 301 to 20,000 .+-(£8 only paid) 5 23— 3 3i— 4 | 
180,227 | Globe es Pa ry eee GOS BaS> coe des 10 8i— 9F Si— 9k | Oy 8s 
180,042 6 p. c. Preference. ... 10 144— 15 Wj—16. | (143 |. 
150,000 | Great Wetheck Tel. a an of Copenhagen 10 153— 16} 15g— 16} | 168 | 15% 
40,000 Bei do. 5 p. c. Debs. (issue of 1881) 100 100 —103 100 —103 10L | as 
250,000 do. (issue of 1883)... 100 | 104 —107 104 —107 
9,334 Pt a and Batley, Ltd., Ordinary, Nos. 4,667 to 14,000 ... 10 114— 124 114— 125 | 
5,334 Do. Tp.c umulative Preference, Nos. 2,667 to 8,000. 10 114— 124 1l44— 124 | 
41,600 | India-Rubber, ‘Gutta-Percha and Telegraph Works, Limited . 10 lg — 19 184— 194 19 | 18} . 
200,000 Do. do. 4} p. c. Deb., 1896... ies See 100 102 —104 100 —102 xd 
17,000 | Indo-European Telegraph, Limited... PERE? eee 25 36 — 38 36— 38 | 37 | 363 
38,348 | London -Platino-Brazilian ye Saxe Limited... 10 64— 74 6i— 74 | 
100,000 Do. do. c. Debentures ody 100 105 —108 105 —108 _ | 
49,900 | *Metropolitan Electric Supply, Limited” Nos. 6,101 to 50,000 .. 10 4— 4} 4— 4) | | 
436,700 | National Telephone, - ap Nos. 1 to 436,700 ... a coe | 5 4§— 4} 4¢ | 413 | 4} 
15,000 Do. 6 p. c. Cum. 1st Preference .. 10 12 — 12} 12}— 12} > od oe 
15,000 6 p. ec. Cum. 2nd Preference (28 only paid) 10 |- 10 — 10} 10 — 10} 
220,000 | Oriental Telephone, Ltd., Nos. -geties to 300,000 (11/- ae paid) Bex | i— # i— 
9,000 rape ties aoe ne pres 8 8— 8} 8i— 8s} 
, un nglan elep one, Ltd., Or ary, Nos. 1 to 2,000, 
200,750 2,501 to 3,500, 98,251 to 300,000 1 i ate | 
20,000 Do. 6p.c. Cum. Pref., Nos. 1 to 20,000 (£34 only paid) 5 23— 3 2— 3 | 
3,881 | Submarine Cables Trust Cert. 113 —117 118 —117_— | 
78,949 | Swan United Electric Light, Limited ai (234 only paid) 5 5}— 5} 5}— 53 5} oat 
37,350 | Te hh eae and Maintenance, Limi 12 43 — 45 43 — 45 | 444 43} 
150,000 do. 5 p.c. Bonds, red. 1894 100 100 —102 100 —102 
55,000 | United River Plate Telephone, Limited .... 5 3i— 4 Bi— 4 
146,000 a do. 5 p. c. Debenture Stock... ... | Stock | 90 — 94 90 —. 94 
100,000 7 p. c. Debs., Nos. 1 to 1,000 ... 100 Sar bee Gin ie Sy 
15,609 | West "Afvican Telegraph Limited, Eat if 501 to 23,109 .. . 10 9— 10 9—10 | 
800,000 Do. do. 5 p.c. Debentures _ 100 99 —102 99—102 | 99} 99 
30,000 | West Coast of Aapieten Telegraph, anes ‘s 10 4—~ 5 aq—"6- | 4 4§ 
150,000 Do. do. do. 8 p. c. Debs, repay. 1902 100 103 —108 102 —107 | 104) | 1024 
64,572 | Western and Brazilian Telegraph, Limited ZL. 15 1l— 113 Mig— 11% | lg 11} 
26,986 Do. do. do. 65 p.c. Cum, Preferred .. 74 6j— 7 Gi—- 73 | rs 7 
26,986 Do. do. do. 5p. c. Deferred .. 7} 43— 54 4j— 5} 
200,000 Do. do. do. 6p.c. Debentures “A, ” 1910... 100 103 —106 103 —106 | 
250,000 Do. 6p. c. Mort. Debs., series “ B” of ’80, red. Feb., 1910 | 100 101:—104 103) +106": | 
88,321 | West India and Panama Telegraph, Limited... 10 33— 3} 3-—— gs | 3} 3 
34,563 Do, do. do. 6 p. c. lst Preference 10 1l4— 12 | 114— 12 11}4 114 
4,669 Do. do. do, 6yp.c.2nd Preference... 10 14 — 15 4—15 "| 14 148 
1,836,000 | Western Union of U.S. Tel., 7 p. c. 1st Mort (Building) Bonds | “$1,000 | 122 197) 122 —127 
179,300 Do. do. 6p.c, Sterling Bonds 100 99 —103 29° —103 
42,853 |*Westmstr. Elec. Sup. Corp., Ord., Nos. 101 to 42, 953 (£2 only paid) 5 1}— 14- i H 14; 

















* Subject to Founders Shares. 





LATEST PROCURABLE ns partes OF SECURITIES NOT OFFICIALLY QUOTED. 


Blackpool Electric Tramway Company, Limited, £10 (284 paid), “a 7#.—Elmore Copper Depositing Priorities, 7 —74.—Elmore’s 
French Patent Copper Depositing shares of £2 (issued at 103. premium, 153. paid), 1,3,—1,5;.—House-to-House Company (£5 paid), 
5 —5}4.—International Okonite, Ordinary of £10 (£7 paid), 6j—7}.—London Electric Supply Corporation, Ordiaary (£5 paid) 
23—2#.—Manchester Edison and Swan Company, £9 (£1 paid) 11/- —13/-. 





Bawx Ratz or Discount.—5 per cent. (26th September 1890). ; H 
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THE ELECTRO-MAGNET.* 
By-Prof. SILVANUS P. THOMPSON, D.Sc., B.A., M.I.E.E, 


{Continued from page 376.) 


(C) Divided Bar Method.—This method, due to Dr. Hopkinson,+ 
is ilustrated by fig. 17. 

The apparatus consists of a block ofannealed wrought iron about 
18 inches long, 6} wide, 2-deep, out of the middle of which is cut 
out @ rectangular space to receive the magnetising coils. 











Fie. 17.—Horxinson’s Divipep Bar Mernopv or MEasurina 
MaGnetic PERMEABILITY. 


The test samples of iron consist of two rods, each 12°65 milli- 
metres in diameter, turned carefully true, and slide in through 
holes bored in.the ends of the iron blocks. These two rods meet 
in the middle, their ends being faced true so as to make a good 
contact. One of themi is secured firmly, and the other has a 
handle fixed to it, by means of which it can be withdrawn. The 
two:large magnetising coils do not meet, a space being left between 
them... Inte this space is introduced the little exploring coil, 
wound upon an ivory bobbin, through the eye of which passes the 
end of the movable red. The éxploring coil is connected to the 
ballistic’ galvanometer,. BG, and is.attached to an India-rubber 
spring (not shown in the .fig.), which, when the rod is suddenly 
pulled back, causes it to leap entirely out of the magaetic field. 
The exploring coil had 350 turns of fine wire ; the two magnetising 
coils had 2,008 effective turns. The magnetising current, gene- 
rated by a battery, B, of eight Grove cells, was regulated by a 
variable liquid resistance, kr, and by a.shunt resistance... A 
reversing switch and an ampéremeter, a, were included in the 
magnetising circuit. By means of this apparatus the sample rods 
to be experimentéd*upon’ cduld be sub ‘to an gnetising 
forces, small or large, and the actual ving Wohl ion could be 
examined at any. time by.b the circuit and siniultaneously 
withdrawing the movable rod. This apparatus, therefore, 

; ervation pofa Besies, of dnerearing (or 


per- 
ge eT Se ee 
- rent. “Thirty-five les of us of known 
chemical compésition were exami by Hopkinson, the two most 






important for present] purposes being an‘: niealed wrought iron 
=| ee $y ee Sie 4. - Re: ma a 





Fic. 18 —Curves or MaGNeETIsaTION oF IRon. 


and @ grey cast iron, sych as are ysed by Messrs, Mather and Platt 
in the construction of dynanio | ines.. Hopkinson embodied 
his results in curves, from which it is possible to construct, for 
Pparposes of reference, numerical tables of sufficient accuracy to 
serve for future calculations. The curves of these two samples of 
iron are reproduced in fig. 18, but with one simple modification. 





* Cantor Lecture. Delivered’ before the Society’ of Arts, 
January 20th, 1890. 8 9 80" 4 
f°“ Phil) Trans,’* 1885; jf. 564.’ 


British engineers who ‘unfofttinately are condemned by local 
cireumstances to use inch ‘measures instead of the international 
metric system, prefer to have the magnetic facts also stated ia 
terms of square inch units instead ot square centimetre units. 
This change has been made in fiy. 18, and the symbols B,, and H,, 
are chosen to indicate the numbers of magnetic lines to the square 
inch in iron and in‘ air ‘respectively. The permeability, or multi- 
plying power of the iron is the same, of course, in either measure. 
In Table H. are given the corresponding data in square inch 
measure ; and in Table III. the data in square centimetre measure 
for the same specimens of iron. 


Tasie I[.—(Square inch units.) 





Anvealecd wrought irvon. Grey cast iron, 

B., Mu H,, B., # H,, 
30,000 4650 65 25,000 7063 327 
40,000 3877 103 30,000 756 39°7 
50,090 3031 16°5 40,000 258 155 
60,000 2159 278 50,000 114 439 
70,000 1921 364 60,000 74 807 
80,000 1409 56 8 70,000 40 1189 
90,000 907 99 2 == — _ 

100,000 408 245 — — — 
110,000 166 66k a — — 
120,000 76 1581 -- -- —- 
130,000 35 3714 -= -- -- 
140,000 27 5185 _ — 





Tasce IL[.—(Square centimetre units.) 


Aunéaled wrought fron, 





Grey cust fron, 

B # H B H H 

5,000 300 166 4,000 800 5 

9,000 225) 4 5,000 500 10 
10,000 200 5 6,000 279 215 
11,000 1692 65 7,000 133 42 
12,000 1412 85 8,000 100 80 
13,000 lus3 12 9, OJ 71 127 
14,000 823 17 10,000 53 18S 
15,000 526 28'5 11,000 37 292 
16,000 320 50 — —_— - 
17,000 161 105 a — — 
18,000 90 200 — —- - 
19,000 5k 350 - — = 
20,000 30 666 _ — _— 





It will be noted that Hupkinson’s curves are duuvle, tucce beiag 
one curve for the ascending magnetisations, and a separate one, a 
little above the former, for descending magnetisations. This is a 
point of a little importance in designing electro-magnets. Iron, and 
particularly hard sorts of iron, and steel, after having been subjected 
to a high degree of magnetising force, are subsequently to a leaser 
magnetising force found to retaina higher degree of magnetisa- 
tion than if the lower magnetising force had been simply applied. 
For example, reference to, fig. 18 shows that the wrought iron, 
where subjected to a magnetising force gradually rising from zero 
to H,, = 200, exhibits a magnetisation of B,, = 95,000; but after 
H,, has been carried up to over 1,000, and then reduced again to 
20U, B,, does not come down again to 95,000, but only to 98,000. 
Any sample of iron which showed great retentive qualities, or in 
which the descending curve differs widely from the ascending 
curve, would be unsuitable for constructing electro-maguets, for 
it is important that there should be as little residual mssnetism 
as possible in the cores. It will be noted that the curves for cast 
iron show more of this residual effect than do those for wrought 
iron. The numerical data in Tables If. and III. are means 
between the ascending and descending values. 

A3 an example of the use of the tables, we may take the follow- 
ing :—How strong must the magnefising furce be in ordec’ to 
produce in -wrought iron a -magnetisation’ of 110,000 lines to the 
squate‘inch ? . Reference to Table II., or to fig. 18, shows that a 
magnetising field of 664 will be-required, and that at this stage of 
the magnetisation the permeability of the iron is only 166. As 
there are 6°45 square centimetres to the square inch, 110,000 lines 
to ‘the square’ inch correspond very nearly to 17,000 lines ‘to’ ‘the 
square centimetre ; and |}; = 664 corresponds very nearly to 
H' = 100. 


Traction Meruops. 


Another group of methods of measuring permeability is based 
upon the law of magnétic traction. Of these there are several 
varieties. . ilies ps ama 

(D) Divided Ring: Method.—Mr. Shelford Bidwelt has kindly lent 
me the apparatus with which he carried out this method. It con- 
sists of a ring of very’ sdéft charcoal fron rod 6:4 millimetres in 
thickness, the external pono centimetres, sawn into 
two half'rings, and then each” half lly word over with an 
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exciting coil of insulated copper wire of 1,929 convolutions in 
total. two halves fit neatly together ; and in this position it 
constitutes practically a continuous ring. When an exciting cur- 
rent is round the coils*both halves become magne and 
attract one another. The force required to pull them asunder is 
then measured. A ing to the law of traction, which will 
oceupy us in the second lecture, the tractive force (over a given 
area of contact) is proportional to the square of the number of 

ic lines that from one surface to the other through 
the contact joint. Hence the force of traction may be used to 
determine B ; and on calculating }{ as before, we can. determine 
the permeability. The following T'able IV. gives 8 summary of 
Mr. Bidwell’s results. 

(E) Divided Rod Method.—In this method, also used by Mr. 
Bidwell, an iron rod hooked at both ends was divided across the 
middle, and placed within a vertical surrounding magnetising 
coil. One hook was hung up to an overhead support; to the 
lower hook was hung a scale-pan. Currents of gradually- 
increasing strength were sent around the etising coil from 
a battery of cells, and note was taken of the greatest weight which 


Taste IV.—(Square centimetre measure.) 


Soft charcoul iron. 





B # | H 

7,390 1899:1 39 
11,550 1121°4 10°3 
15,460 386°4 40 
17,330 150°7 115 
18,470 88 8 208 
19,330 | 45°3 427 
19,820 | 33:9 585 


| 


could in each case be placed in the scale-pan without tearing 
asunder the ends of the rods. 

(F) Permeameter Method.—'This is a method which I have my- 
self devised for the purpose of testing specimens of iron. It is 
essentially a workshop method, as distinguished from a laboratory 
method. It requires no ballistic galvanometer, and the iron does 
not need to be forged into a ring or wound with a coil. For 





Spring balance 








Screw clamp 


Big block of Iron 


Wires that bring 
the electric cur- 
rent 
Coil 





Fie, 19.—TxHe PermMEAMETER. 


carrying it out a simple instrument is needed, which I venture to 
denominate as a permeameter. Outwardly, it has a general re- 
semblance to Dr. Hopkinson’s apparatus, and consists, as you see 
(fig. 19), of a rectangular piece of soft wronghhseve> slotted out to 
receive a magnotising coil, down the axis of which a brass 
tube. The block is 12 inches long, 64 inches wide, and 3 inches 
in thickness. At one end the block is bored to receive the sample 
of iron that is to be tested. This consists simply of a thin rod 
about a foot long, one end of which must be ly surfaced up. 
When it is placed inside the magnetising coil, and the exciting 
current is turned,on, the rod sticks tightly at its lqwer end to the 
surface of the iron block; and the force required t@ detach it (or, 
rather, the square root of that force) is a measure of the permea- 
tion of the oe lines through its end-face.° In the first 
permeameter which I constructed the magnetising coil is 13°64 
centimetres in length, and has 271 turns of wire. One ampére of 
exciting current mently produces a magnetising force of 

= 34, The wire is thick enough to carry 30 ampéres, so that 
itis easy to :each a magnetising force of 1,000. The current I now 
turn on is 25 ampéres. The two rods here are of “charcoal iron” 


and “best iron” respectively; they are of quarter-inch square 
stuff. Here is a spring balance graduated carefully and provided 
with an automatic catch so that its index stops at the highest 
reading. The tractive force of the charcoal iron is about 12} lbs., 
while that of the “‘ best” iron is only 7} lbs. B is about 19,000 in 
the charcoal iron, and }{ being 850, » is about 223. The law of 
traction which I use in calculating gb will occupy us much in the 
next lecture, but meantime I content myself in stating it here for 
nse with the permeameter. The formula for calculating B when 
the core is thus detached by a pull of p pounds, the area of contact 
being a square inches, is as follows :— 


B = 1,317 x / 2 +a.+H. 


I may add that the instrument, in its fiaal form, is manufactured 
from my designs by Messrs Nalder Bros., the well-known makers 
of so many electrical instrtments. 





Curves OF MAGNETISATION AND PERMEABILITY. 


In reviewing the results obtained, it will be noted that the 
curves of magnetisation all possess the same general. features, 
all tending toward a practical maximum, which, however, 
is different for different materials. Joule expressed the opinion 
that “no force of current could give an attraction equal to 
200 Ibs. per square inch,” the greatest he actually attained 
being only 175 lbs. per square inch. Rowland was of 
opinion that the limit was about 177 lbs. per square inch 
for an ordinary good quality of iron, even with infinitely great 
exciting power. ‘This would correspond roughly to a limiting 
value of B of about 17,500 lines to the square centimetre. This 
value has, however, been often surpassed. Bidwell obtained 
19,820, or possibly a trifle more, as in Bidwell’s calculation the 
value of }{ has been needlessly discounted. Hopkinson gives 
18,250 for wrought iron, and 19,840 for mild Withworth steel. 
Kapp gives 16,740 for wrought iron, 20,460 for charcoal iron in 
sheet, and 23,250 for charcoal iron in wire. Bosanquet found the 
highest value in the middle bit of a long bar to run up in one 
specimen to 21,428, in another to 29,388, in a third to 27,688. 
Ewing, working with extraordinary magnetic power, forced up the 
value of B in Lowmoor iron to 31,560 (when » came down to 3), 
and subsequently to 45,350. This last figure corresponds to a 
traction exceeding 1,000 Ibs. to the square inch. 

Cast iron falls far below these figures. Hopkinson, using a 
magnetising force of 240, found the values of B to be 10,783 in 
grey cast iron, 12,408 in malleable cast iron, and 10,546 in mottled 
cast iron. Ewing, with a magnetising force nearly fifty times as 
great, forced up the value of 6 in cast iron to 31,760. Mitis 
metal, which is a sort of cast wrought iron, being a wrought iron 
rendered fluid by addition of a small percentage of aluminium, is, 
as I have found, more etisable than cast iron, and not far 
inferior to wrought iron. It should form an excellent material for 
the cores of electro-magnets for many purposes where a cheap 
manufacture is wanted. 





Fie. 20.—Curves or PERMEABILITY. 


A very useful alternative mode of studying the results obtained 
by capes is to construct curves, such as those of fig. 20, in 
which the values of the permeability are plotted out vertically in 
correspondence with the values of B plotted horizontally. It 
will be noticed that in the case of Hopkinson’s specimen of 
annealed wrought iron, between the points where B = 7,000 and 
B = 16,000, the mean values of » lie almost on a straight line, 
and might be approximately calculated from the equation :— 


p = (17,000 — B) + 35. 


Tue Law or THE ELEcTRO-MAGNeT. 


Many attempts have been made, by Miiller, Lamont, Frilicb, 
and others to discover a simple algebraic formula whereby to 
express the relation between the magnetising force and the mag- 
netism produced in the electro-magnet. According to Miiller, 
these are related to one another in the same proportions as the 
natural tangent is related to the arc which it subtends. The 
formule of Lamont and Frélich, which are more nearly in keeping 
with the facts, are based upon the assumption of a relation between 
the permeability and the degree of magnetisation present. onpgere 
we assume the approximation stated above, that the permeability 
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is proportional to the difference between B and some higher limit- 
ing value (17,000 for wrought iron, 7,000 for castiron). If this 
higher value is called 8 we may write 

6-B 


r= a 


where a is a constant that varies with the quality of the iron or 
steel 


Now B=+H:; 
giving by substitution and an easy transformation — 
B =8 a A , 


which is one form of Frélich’s well-known formula. The constant, 
a, stands for the “ diacritical” value of the magnetising force, or 
that value which will bring up B to half the assumed limiting or 
“satural” value. 

All such formule, however convenient, are insufficient, inasmuch 
as they fail to take into account the properties of the entire mag- 
netic circuit. 

(To be continued.) 








EDINBURGH EXHIBITION. 





(Continued from page 205.) 


No. 29.—Messrs. Laurence, Scott & Co., Limited, of 
Norwich, show on the stand of their agents for 
Scotland (Messrs. Norman & Son, Limited, Glasgow) 
among other things, one of their “D7” dynamos 
driven by a long stroke engine by Messrs. Ransomes, 
Sims & Jefferies, of Ipswich. In this dynamo the 
magnets are of the “Kapp” type, made of specially 
soft cast iron, and the machine has three very long 
bearings. The magnets are very massive and the 
whole thing makes a perfectly rigid combination. 
The armature is built up on the system which Messrs. 
Laurence, Scott & Co., Limited, havé used successfully 
for several years ; it is a dram armature, and the plates 
are stamped with hexagonal holes placed, together 
with the insulating material between them, on a tem- 
porary hexagon mandril which, being removed, the 
hexagon spindle is driven into them very tightly 
with strips of vulcanised fibre to insulate the plates 
from the spindle. A section of this type of armature is 
shown with magnets of the “ Manchester” type, from 
which it can be seen that the conductor is wound in 
deep and narrow slots milled into the plates. 

The output of the machine is 110 volts, 140 ampéres, 
at 1,160 revolutions per minute. There are 70 sections 
in the commutator, and 70 turns of conductor on the 
armature, so that there is only one turn of conductor 
per section. The armature core is nearly square in 
longitudinal section, being 7} inches in diameter and 
74 inches long. The condactor on the armature con- 
sists of two parallels of :12 inch round wire braided, 
the resistance of the armature when hot, being ‘024 
ohms. The shunt winding consists of 147 lbs. No. 17 
wire, and the series of 73 lbs. No. 6 wire, in four 
parallels, there being 8,560 ainpére turns in the shunt 
and 5,520 in the series, total number of ampére turns, 
14,080. The watts lost in the field magnets are 408; 
the total electrical efficiency of the machine, 946 per 
cent. The total weight of conductor on the armature, 
including commutator connections, is only 21 Ilbs., 
being 733 watts per pound of copper. 

There is also shown a ship-lighting plant by the 
same firm. The armature of the dynamo is of the 
same type as that of the belt-driven one described 
above. This construction of armature is specially 
applicable to these slow speed direct-driven machines, 
in which the strains between the shaft and the arma- 
ture conductor are so much greater and more trying 
than in an ordinary belt-driven machine. The output 
of the dynamo is 60 volts, 75 ampéres, at the sluw 
speed of 260 revolutions per minute. Messrs. Laurence, 
Scott & Co. always test these ship lighters before 
leaving their works for 6 hours at “load and-a-half,” 
and for 12 hours at full load. The engine is by 


Messrs. Sabberton Bros., of Norwich. The crank is 
of forged steel, slotted and fitted with balance weights; 
the connecting rod is also of forged steel. All the 
bearings and wearing surfaces’ are very large and 
fitted with suitable lubricating arrangements to enable 
it to run coutinuously at a high speed. The cylinders 
are 6 inches diameter and 6 inches stroke, and the 
engine will ran well up to 400 revolutions per 
minute. 








TELEPHONE CABLES. 





Up to the year 1889, nearly every telephone company 
in the United States employed a different type of 
cable. These types differed not only in construction, 
number of conductors, methods of insulating and pro- 
tecting, conduit systems, &c., but they also showed the 
widest variations in their insulation resistances. To 
remedy this inconvenience and to determine upon 
some uniform type of cable and a standard resistance, 
a conference was assembled in May 1889, in New York, 
at the invitation of the American Telephone and Tele- 
graph Company (the Long Distance Telephone Com- 
pany), an association which has generally taken the 
lead in all technical questions pertaining to telephony. 
The decisions arrived at by the conference were as 
follows :— 

The cables should be composed of 50 double wires. 
The wires to be 1-025 mm. diameter of copper, the con- 
ductivity to be not less than 98 per cent. pure copper. 
Each wire should be covered with a double coating of 
braided cotton. The wires should be laid up in layers ; 
in cables uf 50 double wires the centre layer to be of 
three double wires, the next of 9, the next cf 16 and 
the outside layer of 23 double wires. Each layer to be 
laid up in an opposite direction to the preceding one, 

The cable thus formed should be placed in a pipe 
made of 97 per cent. lead and 3 per cent. tin. ‘Tuis 
mixture of tin with lead was adopted in order to pre- 
serve the latter from the injurious action of creosote. 
The vacant space in the pipe should then be filled with 
some insulating compound. The inductive capacity of 
each wire, after laying down, should not exceed 0:18 
microfarads, and the insulation. resistance should not 
be less than 100 megohms per mile. The pipes should 
be protected by a coating of asphalt, with an external 
covering of two layers of fibrous material, impregnated 
with some preservative compound, and laid on in oppo- 
site directions. 

In the Patterson type of what was called the “ con- 
ference cable,” the insulating compound run into the 
pips was paraffine impregnated with carbolic acid, and 
the external covering was of cotton tape. In the 
Faraday type of the same cable, pyroligneous oil was 
used as an insulator, and the cable was covered 
externally with jute impregnated with asphalt. 

The price of the “conference cable” of 100 wires, 
was 70 cents per foot in New York, and the laying in 
conduits, in the same town, cost froin 5 to 74 cents the 
foot-run. 

At the time the conference was assembled, experi- 
ments were being carried out by the Norwich Insulated 
Wire Company, with Manilla paper as a covering for. 
the wires instead of cotton. It was claimed that a 
diminution of 30 per cent. in the inductive capacity 
was obtained by the employment of the paper, and that 
it was of a far less hygroscopic nature than cotton. The 
price was stated to be about the same as that of the 
“ conference cable.” The conference came to the con- 
clusion that these experiments deserved every atten- 
tion, since the question of inductive capacity formed so 
important an element in the working of telephone cables 
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THE ELECTRIC LIGHTING OF TEPLITZ. 





[From a COBRESPONDENT. | 





As I recently informed you, the authorities of the 
Bohemian watering place have resolved not to renew 
the gas agreement which expires in August next, but 
to erect large municipal electric works. The official 
report of the committee for considering this project, 
contains on the one hand many interesting data on 
the comparative cost of electric lighting and of gas, and 
on the other hand communications and revelations 
which throw a very peculiar light upon the endeavours 
of gas companies to maintain their former position 
under all circumstances, and without any regard to the 
means employed. 

I will, in the first place, give the proposals of the 
“Department of Works,” which explain the estimates 
of comparative cost, in consequence of which the 
erection of the municipal electrical works was resolved 
on. They are as follows :— 

According to the present and the probable circum- 
stances of the town, the following data may be laid 
down :— 

The renewal of the agreement for carrying out the 
lighting of the public streets and places with coal gas 
would in round numbers come to about 11,000 florins 
yearly. The lighting of the municipal buildings for- 
merly named* would require annually 1,950 florins, and 
private consumers would have to pay for the hourly 
service of a gas flame at 12 normal candles 2°88 
kreuzers. 

If the present public lighting is increased by 60 
Wenham lamps, the town would have to pay, in addi- 
tion to the above-named 11,000 florins, and besides the 
first cost iT pts and installing the lamps (5,175 
florins), 2, florins annually. 

If the public lighting of the town were carried out 
with the electric light according to the proposal of the 
Teplitz-Schénan Gas Company (July 9th, 1890), ie, 
with 484 glow lamps at 16 normal candles, and with: 
four arc lamps at 10 ampéres, the cost would run up to 
18,594 florins 30 kreuzers. The light would then be 
stronger than it isat present by 334rd per cent. Private 
consumers, according as their consumption falls below 
4,500 glow lights, above 4,500 or above 7,000 glow 
lights, would have to pay for the burning-hour of a 16- 
candle glow lamp, respectively, 3}, 24 or 2 kreuzers, 
besides a fundamental tax of 5 florins for each glow 
lamp. 

To the cost of the electric lighting of the municipal 
buildings in certain streets would be also added the 
same tax of 5 florins per glow lamp. The water for the 
central station would (within certain limits) have to be 
furnished gratuitously by the municipality. 

If a combined lighting were introduced according to 
the offer of the gas company, under date July 29th, 
1890, i.¢., 30 arc lamps at 10 ampéres, in addition to the 
lights included in the proposals of July 9th, the outlay 
would amount to 21,500 florins yearly. 

If the proposals of the management of Prince 
Olary’s estates (May 15th, 1890), were accepted, i.¢., tv 
light up the streets and squares with 16-candle lamps, 
equal in number (484) to the present 12-candle gas 
flames, or an increase of the light by one-third the 
yearly expenditure, would reach 19,078 florins 30 
kreuzers. 

’ Private consumers would then have to pay for the 
burning hour of a 16 normal candle glow lamp, 3}, 24. 


or 2 kreuzers in addition to the fundamental tax of 6 


kreuzers per glow light. 

If, lastly, the municipality erects an electric central 
station for 5,000 glow lamps at 16 normal candles, and 
keeps this installation in its own hands, the electric 
lighting of the public streets and places 5} times more 
powerfully than at present, would come to 12,000 florins 
yearly, and that of the public buildings and theatres, 





* Not in the present report. 





with a light increased by 4rd, would come to 2,000 
florins. 

If application is made by private consumers for 3,000 
glow lamps,.there will be a clear profit of 12,000 florins 
yearly, or the cost of the public lighting will be com- 
pensated. 

In addition, the municipality would be in a position 
to supply the inhabitants of Teplitz with electric cur- 
rent of a 16 normal candle glow lamp for 2 kreuzers per 
hour burning, #.¢., taking the strength of the light into 
account, for 50 per cent. cheaper than the previous gas 
light. The very cheap fundamental tax—3 florins per 
glow lamp, as against 5 and 6 florins of the two pro- 
posals—would make little difference. Thus, ¢.g., a gas 
flame at 16 normal candles, calculated as burning 1,900 
hours yearly, would come to 38 florins 40 kreuzers ; if 
burning 450 hours, to 17 florins 28 kreuzers, whilst a 
glow light at 16 normal candles, in the first case, would 
cost only 23 florins, and in the second, only 12 florins, 
which shows an economy of 15 florins 40 kreuzers in 
the first case, and of 5 florins 28 kreuzers in the second 
case. 

Considering the economical and financial conditions, 
and remembering how dangerous it would be for the 
town under present conditions to bind itself by an 
agreement extending for tens of years, and how in- 
jurious such a.renewed agreement would be to the com- 
munity who desire the cheap supply of a light on a 
level with the advances of the present day, the Depart- 
ment proposes that. 

The representatives of the town should resolve ;— 

1. The municipality of Teplitz makes use of the 
right secured to it under Section 6 /. of the gas agree- 
ment of October 12th, 1860, not further to renew the 
contract entered into with the Teplitz-Schénan Gas 
Company. 

2 (a). The municipality of Teplitz erects an electric 
central station of the provisional capacity of 5,000 glow 
lamps of 16 normal candles (burning simultaneously), 
for lighting up the public streets and places and the 
municipal buildings, including the theatre, and for 
supplying electric current to private consumers. 

(b). ‘That a credit of 300,000 florins be granted for 
this purpose. 

(c). That the Finance Committee is authorised to make 
proper arrangements for procuring this sum. 

(d). The construction of this central installation is 
entrusted to the mayor, in conjunction with the com- 
mittee of works, just as was the case in the construc- 
tion of the town waterworks. 

3. All the proposals for renewing the gas agreement, 
or for introducing any other kind of lighting, made by 
the gas company, or by the inspection of Prince Olary’s 
estates, are declined with thanks. 

4, The Mayor is requested to negotiate with the 
Teplitz-Schénan Gas Company, and to ascertain if, and 
on what conditions, they are disposed to prolong their 
agreement for five months, that is, to the end of the 
year 1891. 

The report mentions, further, that the gas company 
seeks on the one hand to deny the right of the town to 
break off the agreement, and on the other hand it 
claims for itself the exclusive right to use the muni- 
cipal territory for laying down light conductors of 
whatever kind (therefore including electric light leads). 

As regards the latter question, it must be pointed out 
that in the year 1858 the town made an agreement with 
the gas company, and conceded to the latter the exclu- 
sive right of laying down the mains and branch pipes 
required for lighting the streets, public and private 
buildings, in the squares, streets and lanes of the terri- 
tory of the town of Teplitz. 

_ The sectior. concerned makes mention simply of 
main and bye-pipes, and not expressly of gas pipes. 
But the object of the entire agreement is simply gas 
lighting, to which all the mutual rights and duties are 
referred. In particular the word pipes refers formally 
to gas conductions which are laid as pipes. Still, the 
gas company now seeks to extend the exclusive right, 
granted in the year 1858, to electric leads, regardless of 
the fact that such leads are not pipes, and that it con- 
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sequently can raise no claim to them, even in the 
simple sense of the words. 

The former question raised is still more interesting, 
i.¢., that as to the right of setting aside the agreement 
for public lighting. This question turns upon section 
) of section 6 of the agreement, which runs as follows :— 

“The municipality shall, however, at any time have 
the option, after the expiry of the first 20 years, to 
arrange for its own lighting, and on other illuminating 
material, if it considers that such will be cheaper, and, 
therefore, entirely to renounce this agreement after the 
lapse of the first 20 years.” 

Hence it appears that the town has the right at any 
time after the lapse of the first 20 years to withdraw 
from the agreement. The gas company has, indeed, 
already recognised this right in a proposal handed in 
on November 30th, 1889, for lighting the streets of 
Teplitz from August Ist, 1891, to July 31st, 1901. In 
this document we read :— 

“In considering our present proposal, we beg to 
point out that according to section 6 f (quoted above) 
of the agreement, extending to the year 1911, the 
municipality is, indeed, entitled from August 1st, 1891, 
to undertake its own lighting with another illuminating 
material ; but, in this case, it cannot be demanded that 
the gas company should undertake the gas lighting for 
the other streets at the previous price of 20 florins 
yearly per burner.” 

Nevertheless, the gas company, now threatened with 
the competition of a municipal electrical works, ven- 
tures on the impossible interpretation that the town 
Teplitz had the right of withdrawing from the agree- 
ment only after the first 20 years, but has lost this right, 
as it has not put it in force after the first 20 years. In 
other words, that it could have enforced this right only 
at the immeasurable moment of the lapse of the first 
20 years. 

It may be taken for granted that gas companies can- 
not carry the day by dint of such ultra-pettifogging 
constructions. It was certainly superfluous to combat 
and to refute the pretensions of the Teplitz Gas Com- 
pany in a pamphlet of 18 pages; but it is instractive 
to see what we may expect on the part of gas companies, 
and how cautious town councils should be in drawing 
up agreements concerning lighting. 





CORRESPONDENCE. 





The Bremen Electric Tramway. 


We have read on page 319 of the REVIEW of Sep- 
tember 19ch, an editorial note to the effect that we have 
experienced a rebuff on the part of the Bremen Town 
Council, and that the tramway has worked unsatis- 
factorily. 

Wherever you obtained this information, it is abso- 
lutely incorrect, and is exactly what was said by the 
Elektro-Technischen Anzeiger, of Berlin, in their publi- 
cation of September 4th. 

Aside from the letter of correction which we imme- 
diately addressed to the Berlin journal, the Bremen 
Tramway Company, for whom we have made the 
electrical equipment in question, wrote as follows :— 


“To the Editor of the Hlektro-Technischen Anzeiger, 
“ Berlin. 


“In No. 71 of your esteemed journal, there is an 
article as follows :— 

“<«The request of the Thomson-Houston Company to 
erect an electric railway in Bremen was refused, 
because the trial plant did not satisfy the conditions 
during the Exhibition.’ 

“ The undersigned Share Company, which has the 
concession for the line Birse to Biirgerpark (Exhibi- 
tion), which road was installed by the Thomson- 
Houston International Electric Company, is directly 
interested that the shareholders be not led to believe 
the untrue statements contained in this article, to the 


effect that this plant is a failure; further, that the 
public be not deterred, by mistaken or false statements 
in this article from using this electric road. 

“ We therefore request you, on the basis of Sec. 11 
of the Press Law, to insert in your esteemed paper the 
following corrections :— 

“1. It cannot be said that the demand of the 
Thomson-Houston Company was refused, because the 
Tramway Company has the allowance for electric 
ranning at present during the time of the Exhibition, 
and up to date the Thomson-Houston Company have 
never asked the municipality in question for permis- 
sion to continue running this road. 

“ 2. It is farther stated in your article :— 

“* A specially objectionable feature is the unbearable 
rattling noise, and the strong sparking between wheels 
and rails.’ 

“ The statement as to the unbearable rattling noise, is 
only an invention of the writer of the article, and the 
sparking is not stronger than with any electric road 
when the rails are not free from sand. The sparking 
is even considered to be minimum by all experts, and 
this electric road is so much liked by the public that 
they decidedly prefer the electric cars to the horse 
cars, notwithstanding the somewhat higher fare. 

‘“‘ The article mentions the whole plant as defective, 
but, as a matter of fact, during the now nearly three 
months’ operation, not the slightest disturbance has 
happened which could be referred to the T.H.I.E. Co. 
The substantial, simple and practical manner in which 
all the details are carried out, deserves our entire appro- 
bation. The whole installation is an excellent one, 
and finds great favour with all experts, as well as with 
the public. 

“We give you this detailed explanation in order to 
prevent the misleading of the public by the article in 
your much read paper, and are convinced that you will 
correct such untrue statements made in the article in 
question. 


* (Signed) 
“ BREMER PFERDEBAHN-GESELLSCHAFT.” 


The facts of the case are that the road has been 
running continuously ever since June 23rd, and during 
that time the five motor cars, with occasional tow-cars, 
have carried over 453,491 paying passengers, not count- 
ing other passengers whose tickets, paid for on other 
divisions of the line, have entitled them to continue 
the trip over the electric line, and not including those 
having season tickets or free cards. 

There have been no interruptions to the service due 
to electrical causes. 

Inasmuch as the Society of Engineers and Architects 
of Germany, after their general meeting in Hamburg, 
also visited the Bremen Exhibition in great numbers, 
and inasmuch as Bremen has been the seat of the 
annual meeting this year for the Physical Society of 
Germany, and the Exhibition itself being one of great 
merit, especially as to engineering details, has attracted 
many eminent technical men of North Earope, 
especially many practical street railway men, there 
has been ample opportunity for criticism and free 
expression of opinion regarding the tramway there, 
but in all the conversations that we have had with 
such judges, and all the notices that we have seen in 
the German press, adverse criticism has been lacking. 


Thomson-Houston International Electric Co. 


Louis J. Macesr. 


September 26th, 1890. 





Electricity vy. (as. 


I have read with great interest the article in Mast 
week’s ELECTRICAL REVIEW re “ The Relative Cost of 
Gas and Electricity in Cotton Mills,” and which, no 
doubt, many of your subscribers have also read ; but 
do you not think that this is far from what the average 
maintenance would be? It strikes me that it is much 
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too low. ‘Take, for instance, coal. Where outside of 
Lancashire would you be able to get coal at 5s. per ton 
average for 6 years ? This is, in my opinion, extremely 
low and somewhat misleading. I also observe that the 
power is put down at £150, or £5 per H.P. I presume 
this is the engine alone, if s0 what is the boiler worth, 
and what is the depreciation thereon. I should also 
suggest that something should be taken from the engi- 
neer’s account and put to the maintenance account, as I 
fail to see that the management of an installation of 
this size should cost practically nothing. Surely the 
time putting new lamps on alone should make a slight 
difference. 
A. Handley. 


September 22nd, 1890. 





Tesla’s New Alternating Motors. 


The following communication, which Mr. Tesla has 
sent to the New York Electrical Engineer, he desires 
should also appear in the REVIEW :— 

I hope you will allow me the privilege to say in the 
columns of your esteemed journal a few words in re- 
gard to an article which appeared in Industries of 
August 22nd, to which my attention has been called. 
In this article an attempt is made to criticise some of 
my inventions, notably those which you have described 
in your issue of August 22nd, 1890. 

The writer begins by stating: “The motor depends 
on a shifting of the poles under certain conditions, a 
principle which has been already* employed by Mr. 
A. Wright in his alternating current meter.” This is 
no surprise to me. It would rather have surprised me 
to learn that Mr. Wright has not yet employed the 
principle in his meter, considering what, before its 
appearance, was known of my work on motors, and 
more particularly of that of Schallenberger on meters. 
It has cost me years of thought to arrive at certain re- 
sults, by many believed unattainable, for which there 
are now numerous claimants, and the number of these 
is rapidly increasing, like that of the colonels in the 
South after the war. 

The writer then good-naturedly explains the theory 
of action of the motive device in Wright’s meter, which 
has greatly benefited me, for it is so long ago since | 
havearrived at this and similar theories that I had almost 
forgotten it. He then says: “Mr. Tesla has worked 
out some more or less complicated motors on this 
principle, but the curious point is that he has completely 
misunderstood the theory of the phenomena, and has 
got hold of the old fallacy of screening.” This may be 
curious, but how much more curious it is to find that 
the writer in Industries has completely misunderstood 
everything himself. I like nothing better than just 
criticism of my work, even if it be severe, but when 
the critic assumes a certain “]’état c’est moi” air of 
unquestioned competency I want him to know what he 
is writing about. How little the writer in Industries 
seems to know about the matter is painfully apparent 
when he connects the phenomenon in Wright’s meter 
with the subject he has under consideration. His 
further remark, “ He (Mr. Tesla) winds his secondary 
of iron instead of copper and thinks the effect is pro- 
duced magnetically,” is illustrative of the care with 
which he has perused the description of the devices 
contained in the issue of the Electrical Engineer above 
referred to. 

I take a motor having, say, eight poles, and wrap the 
exciting coils of four alternate cores with fine insulated 
iron wire. When the current is started in these coils 
it encounters the effect of the closed magnetic circuitand 
is retarded. The magnetic lines set up at the start 
close to the iron wire around the coils, and no free 
poses appear at first at the ends of the four cores. As 
the current rises in the coils more lines are set up, 
which crowd more and more in the fine iron wire until 
finally the same becomes saturated, or nearly so, when 





* All italics are mine. 


the shielding action of the iron wire ceases, and free 
poles appear at the ends of the four protected cores. 
The effect of the iron wire, as will be seen, is two-fold. 
First, it retards the energising current ; and, second, it 
delays the appearance of the free poles. To produce a 
still greater difference of phase in the magnetisation of 
the protected and unprotected cores, I connect the iron 
wire surrounding the coils of the former in series with 
the coils of the latter, in which case, of course, the iron 
wire is preferably wound or connected differentially, 
after the fashion of the resistance coils in a bridge, so 
as to have no appreciable self-induction. In other cases 
I obtain the desired retardation in the appearance of 
the free poles on one set of cores by a magnetic shunt, 
which produces a greater retardation of the current and 
takes up at the start a certain number of the lines set 
up, but becomes saturated when the current in the ex- 
citing coils reaches a predetermined strength. 

In the transformer the same principle of shielding is 
utilised. A primary conductor is surrounded with a 
fine layer of laminated iron, consisting of fine iron 
wire or plates properly insulated and interrupted. As 
long as the current in the primary conductor is so small 
that the iron enclosure can carry all the lines of force 
set up by the current there is very little action exerted 
upon a secondary conductor placed in vicinity to the 
first ; but just as soon as the iron enclosure becomes 
saturated, or nearly so, it loses the virtue of protecting 
the secondary, and the inducing action of the primary 
practically begins. What, may I ask, has all this to do 
with the “old fallacy of screening ?” 

With certain objects in view—the enumeration of 
which would lead me too far—an arrangement was 
shown in the Electrical Engineer, about which the 
writer of Industries says :—“ A ring of laminated iron 
is wound with a secondary. It is then encased in iron 
laminated in the wrong direction, and the primary is 
wound outside of this. The layer of iron between the 
primary and secondary is supposed to screen the coil. 
Of course it cannot do so; sucha thing is unthink- 
able.” This reminds me of the man who had com- 
mitted some offence, and engaged the services of an 
attorney. “They cannot commit you to prison for 
that,” said the attorney. Finally the man was im- 
prisoned. He sent for the attorney. “Sir,” said the 
latter, “ I tell you they cannot imprison you for that.” 
“ Bat, sir,” retorted the prisoner, “ they have imprisoned 
me.” It may not screen, in the opinion of the writer 
of Industries, but just the same it does. According to 
the arrangement, the principal effect of the screen may 
be either a retardation of the action of the primary 
current upon the secondary circuit, or a deformation of 
the secondary current wave with similar results for the 
purposes intended. In the arrangement referred to by 
the writer of Jndustries he seems to be certain that the 
iron layer acts like a choking coil ; there again he is 
mistaken ; it does not act like a choking coil, for then 
its capacity for maintaining constant current would be 
very limited. But it acts more like a magnetic shunt 
in constant current transformers and dynamos, as, in my 
opinion, it ought to act. 

There are a good many more things to be said about 
the remarks contained in Industries. In regard to the 
magnetic time lag, the writer says: “If a bar of iron 
has a coil at one end, and if the core is perfectly 
laminated, on starting a current in the coil the induc- 
tion all along the iron corresponds to the excitation at 


that instant, unless there is a microscopic time lag, of 


which there is no evidence.” Yet a motor was described, 
the very operation of which is dependent on the time 
lag of magnetisation of the different parts of a core. It 
is true the writer uses the term “ perfectly laminated ” 
(which, by the way, I would like him to explain), but 
if he intends to make such a “ perfectly laminated” 
core, I venture to say there is trouble in store for him. 
From his remarks I see that the writer completely over- 
looks the importance of the size of the core and of the 
number of the alternations pointed out; he fails to see 
the stress laid on the saturation of the screen, or shunt, 
in some of the cases described ; he does not seem to 
recognise the fact that in the cases considered the 
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formation of current is reduced as far as practicable in 
the screen, and that the same, therefore, so far as its 
quality of screening is concerned, has no réle to per- 
formas @ conductor. I also see that he would want 
considerable information about the time lag in the mag- 
netisation of the different parts of a core, and an ex- 
planation why, in the transformer he refers to, the 
screen is laminated in the wrong direction, &¢.—but the 
elucidation of all these points would require moretime 
than I am able to devote to the subject. It is distress- 
ing to find all this in the columns of a leading technical 
journal. 

In conclusion, the writer shows his true colours by 
making the following withering remarks : “ It is ques- 
tionable whether the Tesla motor will ever be a success. 
Such motors will go round, of course, and will give 
out-puts, but their efficiency is doubtful ; and if they 
need three-wire circuits and special generators there is 
no object in using them, as a direct current motor can 
be run instead with advantage.” 

No man of broad views will feel certain of the 
success of any invention, however good and original, in 
this period of feverish activity, when every day may 
bring new and unforeseen developments. At the pace 
we are progressing the permanence of all our apparatus 
in its present forms becomes more and more pro- 
blematical. It is impossible to foretell what type of 
motor will crystallise out of the united efforts of many 
able men; but it is my conviction that at no distant 
time a motor having commutator and brushes will be 
looked upon as an antiquated piece of mechanism. 
Jast how much the last-quoted remarks of the writer of 
Industries—considering the present state of the art—are 
jastified, I will endeavour to show in a few lines. 

First, take the transmission of power in isolated 
places. A case frequently occurring in practice and 
attracting more and more the attention of engineers is 
the transmission of large powers at considerable dis- 
tances. In such a case the power is very likely to be 
cheap, and the cardinal requirements are then the re- 
duction of the cost of the leads, cheapness of construc- 
tion and maintenance of machinery and constant speed 
of the motors. Suppose a loss of only 25 per cent. in 
the leads, at a full load, be allowed. Ifa direct cur- 
rent motor be used, there will be, besides other diffi- 
culties, considerable variation in the speed of the motor 
—even if the current is supplied from a series dynamo 
—so much so that the motor may not be well adapted 
for many purposes, for instance, in cases where direct 
current transformation is contemplated with the object 
of running lights or other devices at constant poten- 
tial. It is true that the condition may be bettered by 
employing proper regulating devices, but these will 
only further complicate the already complex system, 
and in all probability fail to secure such perfection as 
will be desired. In using an ordinary single-circuit 
alternate current motor the disadvantage is that the 
motor has no starting torque and that, for equal weight, 
its output and efficiency are more or less below that of 
a direct current motor. If, on the contrary, the arma- 
ture of any alternator or direct current machine—large, 
low-speed, two-pole machines will give the best results 
—is wound with two circuits, a motor is at once 
obtained which possesses sufficient torque to start 
under considerable load, it runs in absolute syn- 
chronism with the generator—an advantage much de- 


sired and hardly ever to be attained with regulating , 


devices ; it takes current in proportion to the load, and 
its plant efficiency within a few per cent. is equal to 
that of a direct current motor of thesame size. It will 
be able, howevar, to perform more work than a direct 
current motor of the same size, first, because there will 
be no change of speed, even if the load be doubled or 
tripled, within the limits of available generator power ; 
and, second, because it can be run at a higher electro- 
motive force, the commutator and the complication and 
difficulties it involves in the construction and operation 
of the generators and motors being eliminated from the 
system. Such a system will], of course, require three 
leads, but since the plant efficiency is practically equal 
to that of the direct current system, it will require the 


same amount of copper which would be required in the 
latter system, and the disadvantage of the third lead 
will be comparatively small, if any, for three leads of 
smaller size may perhaps be more convenient to place 
than two larger leads. When more machines have to 
be used there may be no disadvantage whatever con- 
nected with the third wire; however, since the sim- 
plicity of the generators and motors allows the use of 
higher electromotive forces, the cost of the leads may 
be reduced below the figure practicable with the direct 
current system. 

Considering all the practical advantages offered by 
such an alternating system, I am of an opinion quite 
contrary to that of the author of the article in 
Industries, and think that it can quite successfully 
stand the competition of an direct current system, and 
this the more the larger the machines built, and the 
greater the distances. 

Another case frequently occurring in practice is the 
transmission of small powers in numerous isolated 
places, such as wines, &c. In many of these cases sim- 
plicity and reliability of the apparatus are the principal 
objects. I believe that in many places of this kind my 
motor has so far proved a perfect success. In such 
cases a type of motor is used possessing great starting 
torque, requiring for its operation only alternating cur- 
rent, and having no sliding contacts whatever on the 
armature, this advantage over other types of motors 
being highly valued in such places. The plant effici- 
ency of this form of motor is, in the present state of 
perfection, inferior to that of the former form, but I 
am confident that improvements will be made in that 
direction. Besides, plant efficiency is, in these cases, 
of secondary importance, and in cases of transmission 
at considerable distances, it is no drawback, since the 
electromotive force may be raised as high as practicable 
on converters. I cannot lay enough stress on this ad- 
vantageous feature of my motors, and should think that 
it ought to be fully appreciated by engineers, for to 
high electromotive forces we are surely coming, and if 
they must be used, then the fittest apparatus will be 
employed. I believe that in the transmission of power 
with such commutatorless machines, 10,000 volts, and 
even more, may be used, and would be glad to see ~Mr. 
Ferranti’s enterprise succeed. His work is in the right 
direction, and, in my opinion, it will be of great value 
for the advancement of the art. 

As regards the supply of power from large central 
stations in cities or centres of manufacture, the above 
arguments are applicable, and I see no reason why the 
three-wire motor system should not be successful. In 
putting up sucha station, the third wire would be but 
a very slight drawback, and the system possesses 
enough advantages to over-balance this and any other 
disadvantage. But this question will be settled in the 
future, for as yet comparatively little has been done in 
that direction, even with the direct-current system. 
The plant efficiency of such a three-wire system would: 
be increased by using, in connection with the ordinary 
type of my motor, other types which act more like inert 
resistances. The plant efficiency of the whole system 
would, in all cases, be greater than that of each indi- 
vidual motor—if like motors are used—owing to the 
fact that they would possess different self-induction, 
according to the load. 

The supply of power from lighting. mains is, I 
believe, in the opinion of most engineers, limited to 
comparatively small powers, for obvious reasons. As 
the present systems are built on the two-wire plan, an 
efficient two-wire motor without commutator is re- 
quired for this purpose, and also for traction purposes. 
A large number of these motors, embodying new prin- 
ciples, have been devised by me and are being con- 
stantly perfected. On lighting stations, however, my 
three-wire system may be advantageously carried out. 
A third wire may be run for motors and the old con- 
nections left undisturbed. The: armatures of the 
generators may be re-wound, whereby the output of 
the machines will be increased about 35 per cent., or: 
even more, in machines with cast iron field magnets. 
If the machines are worked at the same capacity, this 
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means an increased efficiency. If power is available 
at the station, the gain in current may be used in 
motors. Those who object to the third wire, may re- 
member that the old two-wire direct system is almost 
entirely superseded. by the three-wire system, yet my 
three-wire system offers to the alternating system rela- 
tively greater advantages than the three-wire direct 

over the two-wire. Perhaps, if the writer in 
Industries would have taken all this in consideration, 
he would have been less hasty in his conclusions. 


Nikola Tesla. 
New York, September 10th, 1890. 





Re Mr. Varley’s New Photometer. 


I have been much interested in reading the account 
of the new photometer invented by Mr. F. H. Varley ; 
and it is almost unnecessary to say that it is superior to 
the older forms in several respects ; but as I have been 
engaged in experimenting for some time past over a 
similar project, I trast my intentions may not be mis- 
understood in querying the absolute “ mathematical ” 
accuracy with which measurements may be conducted 
by means of this apparatus. 

Errors which exist in the Bunsen photometer would, 
I believe, be found to occur, although possibly to a far 
lesser extent, in this instrument, due to the following 
causes :-— 

(1.) Spectral disparity between the two radiants. 

Li Irregularity of luminous intensity of the stan- 


(3.) Inability of the human eye to estimate exactly 
when the neutralising action of the discs comes into 
play, for, it must be remembered, that in estimating 
the difference between, say, a white and a pale grey, 
the eye is not possessed of sensitive properties in a 
very exalted degree. This by itself would be but a 
trifling error, but might become more important if 
error No. 1 existed. 

(4.) Faulty adjustment of the mutual screen distance 
in regard to the two radiants. 

(5.) Slight external vibration or irregularity of rota- 
tion of the discs would tend to increase this error when 
the light to be measured has great luminosity compared 
with the standard, owing to the necessary disparity of 
slot width in such cases. 

It will, I trust, be conceded that my intentions in 
pointing out what defects I believe to exist in this 
apparatus are not in any way due to mercenary ends, as 
T am not very desirous of commercially developing the 
instrument whose completion I expect shortly, and 
whose perfection (if it be found to possess such) is 
largely due to the friendly critique of the design of a 
former apparatus by Mr. 8. A. Varley, the brother of 
the inventor of the apparatus under discussion, which 
differs entirely in design from my own. 


Ralph Richards. 





Electrical Heterodoxy. 


Your correspondent, Mr. Henry Sutton is a maker of 
logomachies, and something more than this. He writes : 
“ It does not follow that because we speak of + and — 
electrification and polarisation that we believe, or even 
assume, there are two electricities.” Faraday was not 
80 foolish as to attempt to describe that which he called 
induction or polarisation of glass without assuming that 
there were two electric forces to produce the effect ; 
but what Mr. Sutton means by induction and polarisa- 
tion of glass without assuming that there are two 
electric forces to produce them, is beyond my compre- 
hension. 

Mr. Sutton writes : “Assuming the spark an evidence 
of conduction, and its passage an evidence of current, 
then if the conduction is absolute, the glass should be 
perforated.” Mr. Sutton would not have written this 


if he had studied the difference between Faraday’s 
theory of electricity and mine; but Mr. Sutton has 
rushed into print without reading my book. Glass is a 
porous body; through some kinds of it electricity 
passes with perfect freedom because the pores in it are 
so large that the particles of the electric matter can pass 
through without obstruction, and, consequently, with- 
out disrupting the glass ; but there are other kinds of 
glass the pores in which are not so large as to allow all 
the particles of a current of electricity to pass imme- 
diately through without some obstruction, and hence a 
Leyden jar becomes charged. The reasons for this I 
have assigned at length in my book, to which I must 
refer Mr. Sutton. 
James Johnstone. 


September 29th, 1890. 





A Recommendation. 


An Electrical Directory is just now collecting its 
information amongst the electrical and allied trades, 
but I think it will be news to the many eminent 
inventors and manufacturers who by right are included 
in its pages to learn that, judging by the issue of last 
year, they are exposed to classification with such spe- 
cialists as Mr. C. B. Harness and Mr. Edward Moross, 
and such leading manufacturers as Messrs. Constantine 
and Jackson, whose announcements are usually to be 
met with in those public edifices occupying advan- 
tageous sites in the centres of many of our principal 
thoroughfares, either above or below the surface. 

I would take this opportunity of recommending the 
author and compiler of this directory to delete such 
persons, it would hardly make his book less burly. 


Anti-Harness. 





Ship Wiring. 


The writer of the comments on the heating of the 
electric light leads in the ss. Hirwria, is evidently not 
practically acquainted with either single wiring, double 
wiring, or any other wiring systems for ship lighting. 
I have fitted out over a hundred steamships with elec- 
tric light, some double wired and some single wired— 
mostly single wired—and my experience goes to 
prove that single wiring is the most expensive system, 
when carried out properly, and is very much safer as 
regards fire risks and breakdown. 

For single wiring on board ship, only iron armoured 
vulcanised rubber insulated copper wires should be 
used, with malleable cast iron junctions ; lead sheathing 
and wood casing is not good enough, except for 
branches to each Jamp in the cabins, saloons, &c. As 
to fuses, I have known instances where a No. 20 lead 
fuse had been replaced by a No. 16 copper wire, and 
no doubt many fusible plugs are rendered valueless by 
careless replacing of the fuse by heavy copper wire. 
Everyone knows that a short-circuit on a ship is 
not at all dangerous if there are workable fuses in all 
branches, and the danger isall in either not having fuses 
all or in having a fuse spoiled by the insertion of a 
good thick copper wire. 

Cheapness has ruined the business of ship lighting. 
In fact, in some cases, it is advisable not to offer for 
such work at all rather than put in the cheap installa- 
tions that are sometimes desired ; but, in fact, a single 
wired installation is dearer than a double wired one, 
the saving in copper being more than balanced by the 
extra labour in hole boring, and by the cost of iron wire 
sheathing and iron junctions. The fittings are much 
safer having only one wire in them, and centre contacts 
can be used throughout, the insulation being nowhere 
subjected to cutting or abrasion as is the case in double 
wired fittings, where the wires are pulled through and 
fixed into holders by screws. 


September 29th, 1890. 


R. Kennedy. 
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